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FREQUENCY 

PRESCALER 


FUJITSU 


November 1986 
Edition 1.0 


HIGH FREQUENCY PRESCALER 


The Fujitsu MB 467 is a high frequency prescaler, which is used in Phase 
Locked Loop (PLL) frequency synthesizer and divides the input frequency by 
10 or 20. The output is an open collector output to drive TTL or CMOS 
logic circuit. 


• High Speed, Low Power Operation 

200 MHz at 30 mW typ. 

• Low Level Input Voltage: V| N ^>150 mVp-p 

• Wide Operation Temperature 

-30°C to +85° C at V cc = +5 V ± 10% 

• Interface 

Input: Capacitor coupling due to internal biased input 
Output: Open collector output 


• Plastic 8-pin Standard Dual-ln-Line Package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage 

V | m 

—0.5 to Vqc 

V 

Output Current 

lo 

5 

mA 

Ambient Temperature 

T a 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-55 to +1 50 
1 

°C 



PIN ASSIGNMENT 


inQ 

VccC 

swQ 

outQ 


lO 

2 


TOP VIEW 
3 6 


□ IN 

□ NC 

U CH * 

□ gnd 


Note: * It should be open. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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FUJITSU 

llillllllilllllllllllllllllllllllllllllll MB 467 


BLOCK DIAGRAM 



PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

< 

o 

o 

DC Supply Voltage 

3 

SW 

Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

CH 

Check Input For Outgoing Test. It should be open. 

7 

NC 

Non Connection 

8 

IN 

Complementary Input 
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FUJITSU 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

T a 

-30 


+85 

°C 

Load Capacitance 

C l 



7 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Icc 

V cc = 5.0 V, 

T a = 25°C 


6 

10 

mA 

Output High Voltage 

Voh 

With 2 k£2 pull-up 
resistor to V cc 

4.0 



V 

Output Low Voltage 

VOL 

With 2 kO pull-up 
resistor to V cc 



0.4 

V 

Input Frequency 

f|N 

V, N : 150mVp-p 
sine wave 

10 


200 

MHz 

Input Signal Amplitude 
for IN 

V, N 


150 


2000 

mVp-p 
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FUJITSU 
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TEST CIRICUIT 



TYPICAL CHARACTERISTICS CURVES 


INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY 
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PACKAGE DIMENSIONS 
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FUJITSU 

MB 467 llillllllllllllllllllllllliinilllll 


8-LEAD PLASTIC DUAL-IN-LINE PACKAGE 
(CASE No.: DIP-08PM01) 




Dimensions in 
inches (millimeters) 


1986 FUJITSU LIMITED D08006S- 2C 


1 


Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con- 
sequently, complete information sufficient for construction pur- 
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in- 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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FUJITSU 


TWO MODULUS 
PRESCALERS 


MB 501 
MB 501 L 
MB 503 
MB 504 
MB 5044. 


November 1987 
Edition 4.0 


TWO MODULUS PRESCALER 


The Fujitsu MB 501/503/504 are two modulus prescalers, which are used in 
Phase Locked Loop (PLL) frequency synthesizer and will divide the input fre- 
quency by the modulus of 64/65 or 128/129, 16/17 or 32/33, and 32/33 or 
64/65 respectively. MB 501 L/MB 504L is the low-power version of MB 501/ 
MB 504; it will perform exactly the same function as MB 501 /MB 504 but with 
much lower power dissipation. 

The outputs are 1 .6 V peak to peak on ECL level. 


• High Speed, Low Power Operation 


1.0 

GHz 

at 1 

150 

mW typ. 

(MB 

501) 

1.1 

GHz 

at 

50 

mW typ. 

(MB 

501 L) 

200 

MHz 

at 

40 

mW typ. 

(MB 

503) 

520 

MHz 

at 

50 

mW typ. 

(MB 

504) 

520 

MHz 

at 

25 

mW typ. 

(MB 

504L) 


• Pulse Swallow Function 

• Wide Operation Temperature -40°C to +85° C 

• Stable Output Amplitude V out = 1.6V p _p 

• Complete PLL synthesizer circuit with the Fujitsu MB 87001 A, PLL synthesizer 
system block 1C 

• Plastic 8-pin Standard Dual-ln-Line Package or space saving Flat Package 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 


1 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage 

V 1N 

-0.5 to V cc 

V 

Output Current 

•o 

10 

mA 

Ambient Temperature 

T a 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-55 to + 150 

°C 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 

RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken -to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB 501 

MB501L 

MB503 

MB504 

MB504L 


llllllllllllllllllllllllllllllllllllllll 

FUJITSU 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

Input Signal Amplitude for IN 

MB 501 

V,N 

0.4 


2 

V p _p 

MB 501 L 

0.4 


2 

Vp_ p 

MB 503 

0.15 


2 

Vp_ p 

MB 504 

0.15 


2 

Vp_ p 

MB 504 L 

0.15 


2 

Q- 

I 

Q_ 

> 

High Level Input Voltage for MC 

V,H 

2.0 



V 

Low Level Input Voltage for MC 

V, L 



0.8 

V 

Output Current 



1.2 


mA 

Ambient Temperature 

T a 

-40 


+85 

°C 

Load Capacitance 

C l 



12 

pF 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

v cc 

DC Supply Voltage 

3 

SW 

Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

NC 

Non Connection 

8 

IN 

Complementary Input 
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FUJITSU 


MB 501 

MB501L 

MB503 

MB504 

MB504L 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min 

Typ 

Max. 

Power Supply Current 

MB 501 

*cc 

I/O pins 
are open 


30 

42* 

mA 

MB 501 L 


10 

14* 

mA 

MB 503 


8 

12* 

mA 

MB 504 


10 

14* 

mA 

MB 504L 


5 

7* 

mA 

Output Amplitude 

v 0 


1.0 

1.6 


Vp.p 

Input Frequency 

MB 501 

f IN 

with input 
coupling 
capacitor 
lOOOpF 

10 


1000 

MHz 

MB 501 L 

10 


1100 

MHz 

MB 503 

10 


200 

MHz 

MB 504 

10 


520 

MHz 

MB 504 L 

10 


520 

MHz 

High Level Input 

Current for MC Input 


V tH = 2.0 V 



0.4 

mA 

Low Level Input 

Current for MC Input 

* IL 

V !L = 0.8V 

-0.2 



mA 

Modulus Set-up Time 

MC to OUT 

MB 501 

t SET 



16 

26 

ns 

MB 501 L 


16 

26 

ns 

MB 503 


38 

46 

ns 

MB 504 


20 

30 

ns 

MB504L 


18 

28 


Note: * V cc = 5V, T A = 25°C 
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MB 501 
MB501L 
MB 503 
MB 504 
MB504L 


FUJITSU 



1 


TYPICAL CHARACTERISTICS CURVES 



1 2 5 20 50 100 200 500 1000 2000 

Input Frequency [MHz] 


3 







MB501L l!lll!llllllll!l!llllllllllllll!llllllf 

MB503 FUJITSU 

MB504L IIIIIIIIIIMIIIllllllllllllllllllll 


Fig. 7 - INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY 


1 2 5 10 20 50 100 200 500 1000 

Input Frequency [MHz] 


Fig. 8 - TYPICAL APPLICATION EXAMPLE 


V S x (Max. 8 V) 


16 15 14 13 12 11 10 9 
MB 87001 A 

1 2 3 4 5 6 7 8 



VCO I — f O OUTPUT 


F i _L_ 

^ n 7 


7 6 5 

MB 501 


V C C I 1 2 3 4 

lOOOpFii : 


XI 

12.8 MHz X'tal 

v cc 

5 V ± 1 0% 

V SX 

8 V Max. 

Ci.C 2 

depends on crystal oscillatoi 


An example of application of MB 501/501 L/503/504/504L with PLL Synthesizer System Block 1C MB 87001 A 




FUJITSU 

iiiiiiiiiiiiiiiiiiniiiiiiniiiiiiiiiiiiii! 


MB 501 
MB SOIL 
MB 503 
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MB504L 


PACKAGE DIMENSIONS 



FUJITSU LIMITED 

Communications and Electronics 


The Information contained in 
this document does not convey 
any license under copyrights, 
patent rights, software rights or 
trademarks claimed by Fujitsu. 
Circuit diagrams utilizing 
Fujitsu products are included as 
a means of illustrating typical 
applications. Complete informa- 
tion sufficient for construction 
purposes is not necessarily 
given. The information con- 
tained in this document has 
been carefully-checked and is 
believed to be reliable. However, 
Fujitsu assumes no responsibi- 
lity for inaccuracies. Fujitsu 
reserves the right to change 
products or specification with- 
out notice. 
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For further information please contact: 

FUJITSU LIMITED 

Semiconductors Marketing: Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361 FT TOR J 
FUJITSU MICROELECTRONICS, INC.: 

3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A. 

Phone: 408-562-1000 Telex: 910-338-0190 FUJITSU SNTA 
FUJITSU MIKROELEKTRONIK GmbH.: 

Arabella Center 9, OG./A, Lyoner StraRe 44-48 D-6000 Frankfurt 71, F.R. Germany 
Phone: 69-66-320 Telex: 411963 FMG D 
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 

805 Tsim Sha Tsui Centre, West Wing 66 Mody Road, Kowloon, Hong Kong 
Phone: 3-732 0100 Telex: 31959 FUJIS HX 

© FUJITSU LIMITED 1987 Printed in Japan 0V2158-87YC4 


1 - 16 





FUJITSU 
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PRESCALERS 
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MB 504LV 


September 1986 
Edition 1.0 


LOW VOLTAGE/LOW POWER 
TWO MODULUS PRESCALER 

The Fujitsu MB 510LV/504LV are low power and low voltage versions of 
MB 510/504 two modulus prescalers, which are used in Phase Locked Loop 
(PLL) frequency symthesizer and will divide the input frequency by the 
modulus of 64/65 or 128/129, and 32/33 or 64/65 respectively. 

The outputs are 1.1 V peak to peak on ECL level. 


• Wide Low Voltage Operation 3.0 V typ., +2.7 to 4.5 V 

• High Speed, Low Power Operation (V ]N = 0.4 V p ^) 

1.1 GHz at 36 mW typ. (MB 501 LV) 

520 MHz at 18 mW typ. (MB 504V) 

• Pulse Swallow Function 

• Wide Operation Temperature -40°C to +85°C 

• Stable Output Amplitude Vqut ® 1.1 V p -p 

• Complete PLL synthesizer circuit with the Fujitsu MB 87001 A, PLL synthe- 
sizer system block 1C 

• Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package 


ABSOLUTE MAXIMUM RATINS* 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

V C c 

-0.5 to +7.0 

V 

Input Voltage 

V, N 

-0.5 to V cc 

V 

Output Current 


10 

mA 

Storage Temp. 

Tstg 

-55 to +125 

°C 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 


Note: t Preliminary 
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MB 501 LV Fujitsu 
MB 504LV : 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

o< 

0 

2.7 

3.0 

4.5 

V 

Input Signal Amplitude for IN 

V |N 

0.4 


1.2 

Vp-p 

High Level Input Voltage for MC 

V, H 

V|HM 



V 

Low Level Input Voltage for MC 

V,L 



0.8 

V 

Output Current 

•o 


1.2 


mA 

Ambient Temperature 

T a 

-40 


+85 

°C 

Load Capacitance 

C l 



12 

PF 


Note: V 1hm “ 2 ^cc + ® ^ ^ 


1 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

v cc 

DC Supply Voltage 

3 

SW 

Divide Ratio Control Input Selecting divde ratio (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

NC 

Non Connection 

8 

IN 

Complementary Input 
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ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

MB 501 LV 

Ice 



12 


mA 

MB504LV 


6 


mA 

Output Amplitude 

Vo 


0.8 

1.1 


v P * 

Input Frequency 

MB 501 LV 

f|N 

with input 

coupling 

capacitor 

1000 pF 

10 


1100 

MHz 

MB 504 LV 

10 


520 

MHz 

High Level Input 

Current for MC Input 

l|H 

V| H = 2.0 V 



0.4 

mA 

Low Level Input 

Current for MC Input 

1 IL 

V| L = 0.8 V 

-0.2 



mA 

Modulus Set-up Time 

MC to OUT 

MB 501 LV 

tsET 



16 

26 

ns 

MB504LV 


18 

28 

ns 
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FUJITSU MB 501 LV 
MB 504LV 


PACKAGE DIMENSIONS 


8-LEAD PLASTIC FLAT PACKAGE 





.031 5±. 008 
( 0 . 8 ± 0 . 2 ) 


085(2. 15)MAX 

1 


D 1986 FUJITSU LIMITED F08002S-2C 


A 


MIN 

(STAND OFF) 


0+.OI6 

-.008 


tL 


. 006 ^| 

±.r 


K002 
-.001 

(0 1 

'°- 1 - 0.02 


Details of "A” part 


,020±.008 

(0.5±0.2) 



Dimensions in 
inches (millimeters) 


Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con- 
sequently, complete information sufficient for construction pur- 
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in- 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 

FUJITSU LIMITED 

Communications and Electronics 


6-1 , Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int’l Prefix) 81-3-216-3211 Telex: J22833 Cable. "FUJITSULIMITED TOKYO" 


For further information please contact: 

FUJITSU LIMITED 

Semiconductors Marketing: Furukawa Sogo Bldg , 6T , Marunouchi 2-chome, Chiyoda-ku, Tokyo 1 00. Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361 FTTOR J 

FUJITSU MICROELECTRONICS, INC.: 

3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A. 

Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNT A 

FUJITSU MIKROELEKTRONIK GmbH.. 

Arabella Center 9. OG./A 

Lyoner Stra&e 44-48 D-6000 Frankfurt 71 , F.R. Germany 
Phone: 069/66 320 Telex 0411963 


©1986 FUJITSU LIMITED Printed in Japan 0V2266-869C 
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TWO MODULUS 
PRESCALER 


MB501SL 


December 1987 
Edition 1.0 


SUPER LOW POWER TWO MODULUS PRESCALER 

The Fujitsu MB501SL is a super low power version of MB501 two modulus 
prescaler which are used in Phase Locked Loop (PLL) frequency synthesizer 
and divides the input frequency by the modulus of 64/65 or 128/129, respec- 
tively. The MB501SL achieves extremely small stray capacitance of internal 
element, realized through the use of Fujitsu Advanced Process Technology. 
As the results, high speed operation is achieved with low power supply current 
of 5 mA typ., about a half current value of MB501 L. 


• Highspeed: fmax = 1 .1 GHz max. (V JN = 0.4 Vp-p) 

• Pulse Swallow Function: 64/65,128/129 

• Low Power Supply Current: 5.0 mA typ. 

• Stable Output Amplitude: V Q = 1.6 Vp-p typ. 

• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthe- 
sizer system block 1C 

• Plastic 8-pin Dual-In-Line Package (Suffix: — P) 

Plastic 8-pin Mini Flat Package (Suffix: — PF) 

• Built-in a Terminal Resistor 

Stable output amplitude is obtained up to output load capacitance of 8 pF. 


ABSOLUTE MAXIMUM RATINS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

o< 

o 

-0.5 to +7.0 

V 

Input Voltage 

V, N 

-0.5 to V cc 

V 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to +125 

°C 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 


INC 
VccC 
SW C 

outC 


TOP VIEW 
3 6 


IN 

□ nc 

□ mc 

□ gnd 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB501SL BLOCK DIAGRAM 



SW 

MC 

Divide Ratio 

H 

H 

1/64 

H 

L 

1/65 

L 

H 

1/128 

L 

L 

1/129 


Note: SW: H = V cc , L = open 
MC: H = 2.0 V to V cc , 
L = GND to 0.8 V 


PIN DESCRIPTION 


Pin Number 

Symbol 

Description 


1 

IN 

Input 


2 

v cc 

Power Supply, +5V 


3 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 


4 

OUT 

Output 


5 

GND 

Ground 


6 

MC 

Modulus Control Input (See Divide Ratio Table) 


7 

NC 

Non Connection 


8 

IN 

Complementary Input 




Ilillillillillllllllllllllllllill 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

Operating Temperature 

T a 

-40 

- 

+85 

°C 

Load Capacitance 

CL 

- 

- 

8 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

'cc 


- 

5.0 

7.0 

mA 

Output Amplitude 

Vo 

Built-in a Terminal 

Resistor. 

Load capacitance = 8pF 

1.0 

1.6 

- 

Vp-p 

Input Frequency 

f IN 

With input coupling 
capacitor lOOOpF 

10 

- 

1100 

MHz 

Input Signal Amplitude 

V, N 

- 

0.4 

- 

2.0 

Vp-p 

High Level Input Voltage for MC 

V,H 

- 

2.0 

- 

- 

V 

Low Level Input Voltage for MC 

V, L 

- 

- 

- 

0.8 

V 

High Level Input Current for MC 

l|H 

V, H = 2.0V, V 1L = 0.8V 

- 

- 

0.4 

mA 

Low Level Input Current for MC 

1 IL 

-0.2 

- 

- 

mA 

Modulus Set-up Time MC to Output 

tbET 

- 

- 

16 

26 

ns 
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MB501SL 


Fig. 2 - TEST CIRCUIT 


Sampling scope input point 
for input waveform 




-O V cc = + 5.0 V ± 10% 


Sampling scope prober point 
for output waveform 


lOOOpF 
1 0OOp F 
O.ImF 

8 pF (including scope and jig capacitance) 


TWO MODULUS OPERATING TIMING CHART 


Divide Ratio of 128/129 


64 64 64 


65 64 65 


When divide ratio of 129 is selected, positive pulse has increased by one to 65. 
Set up time = 16 ns typ 

The time between MD signal is input and divide ratio of prescaler is changed. 




MINIMUM INPUT SIGNAL AMPLITUDE V, N (dBm) MINIMUM INPUT SIGNAL AMPLITUDE V )N (dBm) 







POWER SUPPLY CURRENT l cc (mA) POWER SUPPLY CURRENT l cc (mA) 


FUJITSU 

MB501SL 


Fig. 5 - POWER SUPPLY CURRENT vs. POWER SUPPLY VOLT 



4.5 5.0 

POWER SUPPLY VOLTAGE V cc (V) 


Fig. 6 - POWER SUPPLY CURRENT vs. TEMPERATURE 
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Fig. 7 - TYPICAL APPLICATION EXAMPLE 



1 
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PACKAGE DIMENSIONS 

(Suffix: -P) (Suffix: -PF) 


8 LEAD PLASTIC DUAL-IN LINE PACKAGE 
(CASE No.: DIP-08P-M01) 


h a M 


b 

1 

.2441.010 

(6.20*0.25) 

_l 

UbJUkl 



40+0.40, 

(0.89 + °^ 5 ) ' -°- 30 

,100(2.54)TYP 



L. ill 


.020(0.51 : 
w MIN 

oi8±T5oi5 


.060*. H.52j 


7 D08006S-2C 


R flJLE 

r | 

INDEX 

& 

,307±.( 

(7.8±0 

.2091.012 

(5.3010.25) 

1 

ore i 

,.?I> | | I Jo~^70.io) 


A 


002(0.05) 
(STAND OFF) 


1 
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.008(0.2) 


.020(0.5) 

.007(0.18) 


The Information contained in* 
this document does not convey 
any license under copyrights, 
patent rights, software rights or 
trademarks claimed by Fujitsu. 
Circuit diagrams utilizing 
Fujitsu products are included as 
a means of illustrating typical 
applications. Complete informa- 
tion sufficient for construction 
purposes is not necessarily 
given. The information con- 
tained in this document has 
been carefully-checked and is 
believed to be reliable. However, 
Fujitsu assumes no responsibi- 
lity for inaccuracies. Fujitsu 
reserves the right to change 
products or specification with- 
out notice. 
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ULTRA HIGH 
FREQUENCY 
PRESCALER 


FUJITSU 
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Edition 2.0 


ULTRA HIGH FREQUENCY PRESCALER 

The Fujitsu MB 505 is a high frequency prescaler, which is used in Phase 
Locked Loop (PLL) frequency synthesizer and will divide the input frequency 
by the modulus of 128 or 256. The outputs are 1 .6 V peak to peak on ECL 
level. 

Its ultra high frequency operation provides wide application range, such as 
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc. 


• High Speed, Low Power Operation 
MB 505-16: 1 .6 GHz at 45 mW typ. 

• Wide Operation Temperature -40°Cto+85°C 

• Stable Output Amplitude Vqut = 1 -6 V P _ P 

• Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL synthe- 
sizer system block 1C 

• Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

-0.5 to V cc 

V 

Output Current 

•o 

10 

mA 

Ambient Temp. 

T a 

-40 to +85 

°C 

Storage Temp. 

Tstg 

-55 to +1 50 

°C 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circu it. 
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Fig. 1 - MB 505 BLOCK DIAGRAM 



Note: SW: H = V cc , L = open 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

< 

o 

o 

Power Supply Voltage 

3 

SW 

Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

NC 

Non Connection 

7 

NC 

Non Connection 

8 

In 

Complementary Input 


1 - 34 







uM.i.ii,; 

FUJITSU 
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PACKAGE DIMENSIONS 


8 LEAD PLASTIC DUAL-IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 



IT 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No. : FPT-08P-M01) 


(Suffix: PF) i 



i (STAND OFF) 

T 'T 




u -.001 
, n .,+0.05. 
(0 - 15 -0.02’ 


.008(0.2) 

\ 

.02010.5) 


inches (millimeters) 


Marking Format 


MB 505-16, 8-pin Plastic DIP 
F MB 505 L 
O xxx 


MB 505-16, 8-lead Plastic Flat Package 
505 L 
O xxx 


xxxx. Date Code 
xxx: Control Code 


Circuit diagrams utilizing 
Fujitsu products are includ- 
ed as a means of illustrating 
typical semiconductor appli- 
cations; consequently, com- 
plete information sufficient 
for construction purposes is 
not necessarily given. The 
information has been care- 
fully checked and is be- 
lieved to be entirely reliable. 
However, no responsibility 
is assumed for inaccuracies. 
Furthermore, such informa- 
tion does not convey to the 
purchaser of the semicon- 
ductor devices described 
herein any license under the 
patent rights of Fujitsu 
Limited or others. Fujitsu 
Limited reserves the right to 
change device specifications. 


FUJITSU LIMITED 

Communications and Electronics 


6-1 , Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable. "FUJITSULIMITED TOKYO" 


For further information please contact: 

FUJITSU LIMITED 

Semiconductors Marketing: Furukawa Sogo Bldg , 6-1 , Marunouchi 2-chome, Chiyoda-ku, Tokyo 1 00, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex- 2224361 FTTOR J 

FUJITSU MICROELECTRONICS, INC.: 

3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A. 

Phone: 408-727-1700 Telex. 910-338-0190 FUJITSU SNTA 

FUJITSU MIKROELEKTRONIK GmbH.: 

Arabella Center 9. OG./A 

Lyoner Strafle 44-48 D-6000 Frankfurt 71 , F.R. Germany 
Phone: 069/66 320 Telex: 0411 963 


©1986 FUJITSU LIMITED Printed in Japan 0V 2194-869C2 
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ULTRA HIGH FREQUENCY PRESCALER 


The Fujitsu MB 506 is a high frequency prescaler, which is used in Phase 
Locked Loop (PPL) frequency synthesizer and will divide the input frequency 
by the modulus of 64, 128, or 256. The outputs are 1.6 V peak to peak on 
ECL level. 

Its ultra high frequency operation provides wide application range, such as 
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc. 


• High Speed, Low Power Operation 
2.4 GHz at 90 mW typ. 

• Wide Operation Temperature -40°C to +85°C 

• Stable Output Amplitude Vqut = 1 -6 V P _ P 

• Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL syn- 
thesizer system block 1C 

• Plastic 8-pin Standard Dual-ln-Line Package or space saving Flat Package 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
PFT-08P-M01 



ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

-0.5 to V cc 

V 

Output Current 

•o 

10 

mA 

Storage Temp. 

t stg 

-55 to +125 

°C 


PIN ASSIGNMENT 


inQ i 

VccC 2 
SW1 □ 3 
OUTn 4 


TOP VIEW 


8 □lN 
7 □ NC 
6 SW2 
5 □ GND 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB 506 BLOCK DIAGRAM 



Note: H = V c c, L = open 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

Vcc 

Power Supply Voltage 

3 

SW1 

Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

SW2 

Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table) 

7 

NC 

Non Connection 

8 

IN 

Complementary Input 
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Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Signal Amplitude for IN 

V, N 

0.1 


1.2 

Vp.p 

Output Current 

lo 


2 


mA 

Ambient Temperature 

T a 

-40 


+85 

°C 

Load Capacitance 

C l 



12 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

•cc 



18 


mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vp.p 

Input Frequency 

f|N 

with input 
coupling 
capacitor 
1000 pF 

T a = -40° C 
to 85° C 

100 


2200 

MHz 

T a = -40° C 
to 60° C 

100 


2400 

Input Voltage 

V,N 

f 1N = 100 MHz to 1.3 GHz 

0.1 


1.2 

Vp.p 

f, N = 1.3 MHz to 2.4 GHz 

0.4 




5 10 20 50 100 200 500 1000 2000 

Input Frequency [MHz] 
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PACKAGE DIMENSIONS 


8 LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 



inches (millimeters) 


8- LEAD PLASTIC FLAT PACKAGE 
(CASE No. : FPT-08P-M01) 



Details of "A" f 


M 


.008(0.2) 


J 


.020(0.5) 

.007(0.18) 


MAX 

.027(0.68) 


>1986 FUJITSU LIMITED F08002S-1C 


Dimensions in inches 
(millimeters) 


Circuit diagrams utilizing 
Fujitsu products are includ- 
ed as a means of illustrating 
typical semiconductor appli- 
cations; consequently, com- 
plete information sufficient 
for construction purposes is 
not necessarily given. The 
information has been care- 
fully checked and is be- 
lieved to be entirely reliable. 
However, no responsibility 
is assumed for inaccuracies. 
Furthermore, such informa- 
tion does not convey to the 
purchaser of the semicon- 
ductor devices described 
herein any license under the 
patent rights of Fujitsu 
Limited or others. Fujitsu 
Limited reserves the right to 
change device specifications. 


FUJITSU LIMITED 

Communication! and Electronic! 

6-1 , Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable: "FUJITSU LIMITED TOKYO" 


For further information please contact: 

FUJITSU LIMITED 

Semiconductors Marketing: Furukawa Sogo Bldg., 6-1 , Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361 FTTOR J 

FUJITSU MICROELECTRONICS, INC.: 

3320 Scott Blvd., Santa Clara. CA95054-3197, U.S.A. 

Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA 

FUJITSU MIKROELEKTRONIK GmbH.: 

Arabella Center 9. OG./A 

Lyoner Strafte 44-48 D-6000 Frankfurt 71 , F.R. Germany 
Phone: 069/66 320 Telex: 0411 963 
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PRESCALERS 

MB 507 


August 1986 
Edition 1.0 


1.6 GHz TWO MODULUS PRESCALER 

The Fujitsu MB 507 is a 1.6 GHz two modulus prescalers, which are used in 
Phase Locked Loop (PLL) frequency synthesizer and will divide the input fre- 
quency modulus of 128/129 or 256/357. 

The outputs are 1.6 V peak to peak on ECL level. 


• High Speed, Low Power Operation 
1.6 GHz at 90mW typ. 

• Pulse Swallow Function 

• Wide Operation Temperature -40°C to +85°C 

• Stable Output Amplitude Vqut = 1 -6 V P _ P 

• Complete PLL synthesizer circuit with the Fujitsu MB 87001 A, PLL syn- 
thesizer system block 1C 

• Plastic 8-pin standard Dual-ln-Line Package or space saving Flat Package 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


ABSOLUTE MAXIMUM RATINGS* 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

—0.5 to Vqq 

V 

Output Current 

J o 

10 

mA 

Ambient Temp. 

T a 

-40 to +85 

°C 

Storage Temp. 

Tstg 

-55 to +150 

°C 


PIN ASSIGNMENT 



Note:* Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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RECOMMENDED OPERATING CONDITIONS* 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

o 

4.5 

5.0 

5.5 

V 

Input Signal Amplitude for IN 

V,N 

0.4 


2 

Vp.p 

High Level Input Voltage for MC 

V, H 

2.0 

— 


V 

Low Level Input Voltage for MC 

V,L 



0.8 

V 

Output Current 

1 o 


2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

C l 



12 

pF 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

< 

o 

n 

DC Supply Voltage 

3 

SW 

Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

NC 

Non Connection 

8 

IN 

Complementary Input 
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ELECTORICAL CHARACTERISTICS* 

(Recommended Operating Conditions unless otherwise noted) 


Power Supply Current 
Output Amplitude 


Input Frequency 

High Level Input Current 
for MC Input 

Low Level Input Current 
for MC Input 

Modulus Set-up Time MC to 
OUT in 1.6GHz Operation 


with input coupling 
capacitor lOOOpF 


Value 

Min 

Typ 

Max 


18 


1.0 

1.6 


100 


1600 



0.4 

-0.2 




18 

28 




Fig. 2 - TEST CIRCUIT 


V C c = + 5.0V ± 10% 


Sampling scope input point 
for input waveform 




v cc sw 

IN 

OUT 

In 



MC GND 


Sampling scope prober point 
for output waveform 


r l> ZZ C l 


lOOOpF 

lOOOpF 

O.lpF 

12pF (including scope and jig capacitance) 





Bllllllllllllllllllllll 

FUJITSU 

MB 507 Hllllllllllllllllllllllli 


Fig. 3 - TYPICAL APPLICATION EXAMPLE 



1 
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FUJITSU 

MB 507 


PACKAGE DIMENSIONS 

(Suffix: PF) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No. : FPT-08P-M01) 



Details of "A" part 
. 008 ( 0 . 2 ) 



©1986 FUJITSU LIMITED F08002S-1C 


Dimensions in inches 
(millimeters) 



Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con- 
sequently, complete information sufficient for construction pur- 
poses is not necessarily given. The information l\as been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in- 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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FUJITSU LIMITED 

Communication j and Slectronia 

6-1 , Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable: "FUJITSULIMITED TOKYO" 


For further information please contact: 

FUJITSU LIMITED 

Semiconductors Marketing: Furukawa Sogo Bldg., 6-1 , Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361 FTTOR J 

FUJITSU MICROELECTRONICS, INC.: 

3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A. 

Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA 

FUJITSU MIKROELEKTRONIK GmbH.: 

Arabella Center 9. OG./A 

Lyoner StrafJe 44-48 D-6000 Frankfurt 71 , F.R. Germany 
Phone: 069/66 320 Telex: 0411 963 


© 1986 FUJITSU LIMITED Printed in Japan 0V2259-868C 

1 - 48 




2.3 GHz 

TWO MODULUS 


MB508 


FUJITSU 



November 1987 
Edition 1 .0 


2.3 GHz TWO MODULUS PRESCALERS 

The Fujitsu MB508 Is a 2.3 GHz two modulus prescalers, which are used in Phase 
Locked Loop (PLL) frequency synthesizer and divides the input frequency modulus of 
128/130, 256/258 or 512/514. The output is 1.6 V peak to peak ECL level. Its ultra 
high frequency operation provides wide application, such as Direct Broadcasting 
Satellite System, CATV system, UHF Transceiver, etc. 


• High Speed : f = 2.3 GHz max. (Vin = 

• Input Signal Amplitude 

• Pulse Swallow Function 

• Power Dissipation 

• Wide Operation Temperature 

• Stable Output Amplitude 

• Complete PLL synthesizer circuit with 
system block 1C 

• Plastic 8-pin standard Dual-ln-Line Pa 


.4 Vp-p) 

: Vin= 100 mVp-p (fiN =~ 1 .8GHz) 

: 128/130, 256/258, 512/514 
: 120 mW typ. 

: -40 °C to +85 °C 
: Vout =1.6 Vp-p typ. 
he Fujitsu MB87001A, PLL synthesizer 

kage or Mini Flat Package 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage 

V, N 

-0.5 to Vcc 

V 

Output Current 

1 o 

10 

mA 

Operating Temperature 

T a 

-40 to +85 

°C 

Storage Temperature 

T STG 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if the above Absolute 
Maximum Ratings are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 


Copyright® 1987 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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PIN DESCRIPTIONS 


Pin Number 

Symbol 

Descriptions 


1 

IN 

Input 


2 

Vcc 

Power Supply, +5V 


3 

SW1 

Divide Ratio Control Input (See Divide Ratio Table) 


4 

OUT 

Output 


5 

GND 

Ground 


6 

MC 

Modulus Control Input (See Divide Ratio Table) 


7 

SW2 

Divide Ratio Control Input (See Divide Ratio Table) 


8 

In 

Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Values 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Output Current 

lo 


1.2 


mA 

Operating Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



12 

PF 


ELECTRICAL CHARACTERISTICS 


(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Values 

Unit 

Min 

Typ 

Max 

Power Supply Current 

1 cc 



24 


mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vp-p 

Input Frequency 

f IN 

with inupt coupling 
capacitor lOOOpF 

100 


2300 

MHz 

Input Signal Amplitude 

V INA 

f in = 1800MHz to 2300MHz 

0.4 


1.2 

Vp-p 

V INB 

f in = 100MHz to 1800MHz 

0.1 


2.0 

Vp-p 

High Level Input Voltage for MC 

V |H 


2.0 



V 

Low Level Input Voltage for MC 

V|L 




0.8 

V 

High level Input Current for MC 

1 IH • 

Vih = 2.0 V, V IL =0.8V 



0.4 

mA 

Low Level Input Current for MC 

1 IL 

-0.2 



mA 

Modulus Set-up Time MC to 
Output at 2.3 GHz Operation 

t SET 



18 

28 

ns 
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Fig. 4 - TYPICAL APPLICATION EXAMPLE 


VSX (Max. 8 V) 


0.047/lF 


16 15 14 13 12 11 10 9 
MB87001 A 

1 2 3 4 5 6 7 8 




1 8 7 

6 

5 

MB508 


l_L_l 

3 

4 


1000pF 

2.2kH 


12.8MHz X’tal 
5 V ± 10% 

8 V Max. 

depends on crystal oscillator 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: PF) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No. FPT-08P-M01 ) 




.0315 ± ,008 
(0.80 ±0.20) 


T 

.085 (2.15) MAX 

JL 




.002 (0.05) (MIN) 
(STAND OFF) 


RJL 


OftQ + .016 
• 268 - .008 
/c oa "F 0.40, 

(6.80 _ o 20 ) 


T . 020 ± . 008 

(0.50 ± 0.20) 



Dimensions In 

inches (millimeters) F08002S-2C 



The Information contained in this document does not convey any license 
under the copyrights, patent rights, software rights or trademarks claimed 
by Fujitsu. Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical applications, Complete information sufficient 
for construction purposes is not necessarily given. The information 
contained in this document has been carefully checked and is believed to be 
reliable. However, Fujitsu assumes no responsibility for inaccuracies. 
Fujitsu reserves the right to change products or specifications without 
notice. This document published by FUJITSU LIMITED, Tokyo, Japan, 
U.S.A. distribution by U.S. Technical Publications Department, Fujitsu 
Microelectronics, 3320 Scott Blvd, Santa Clara, CA 95054-3197, European 
distribution by Fujitsu Mikroelektronik GmbH, Arabella Center 9, OG/A, 
Lyoner Strabe 44-48 D-6000, Frankfurt-Niederrad 71 , F.R. Germany. 
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TWO MODULUS 
PRESCALER WITH 
STAND-BY MODE 



January 1988 
Edition 1.0 


TWO MODULUS PRESCALER WITH STAND-BY MODE 

The Fujitsu MB509 is a low power two modulus prescaler which enables pulse 
swallow function. The MB509 is used in Phase Locked Loop (PLL) frequency 
synthesizer and divides the input frequency by the modulus of 64/65 or 
128/129, respectively. 

Power consumption is 58 mW typ. at power supply voltage of 5.0V. The 
MB509 is equipped with the stand by mode which cuts off the power sup- 
ply current l cc under PLL phase lock condition^ l cc =180/iA under current 
cut condition) 

• High Speed: fmax = 1 .1 GHz max. (V jN = 0.4 Vp-p) 

• Pulse Swallow Function: 64/65, 128/129 

• Power Supply Consumption: 58 mW typ. 

• Stand-by Current: 180/uAtyp. 

• Stable Output Amplitude: V Q = 1.6 Vp-p typ. 

• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthe- 
sizer system block 1C 

• Plastic 8-pin Dual-In-Line Package (Suffix: — P) 

Plastic 8-pin Mini Flat Package (Suffix: — PF) 

• Built-in a Terminal Resistor 

Stable output amplitude is obtained up to output load capacitance of 8 pF. 


ABSOLUTE MAXIMUM RATINS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V C c 

-0.5 to +7.0 

V 

Input Voltage 

v, N 

-0.5 to Vq C 

V 

Output Current 

l o 

10 

mA 

Storage Temperature 

t stg 

1 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 


INC 

VccC 

S\n\Z 

outC 


^]Tn 

□ PS 

□ mc 

□ gnd 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB509 BLOCK DIAGRAM 


Qh |D OF 


JdqI — I 


-D Q — ' D Q— 1 L_ d q J L d q _J L d Q J Output 

1 $vv Buffer 

-c Q— |— c Q T c Q— T— c Q T c Q—r-£>- 


=^n 

MC O ! 


PS SW MC Divide Ratio 
H H H 1/64 

H H L 1/65 

H L H 1/128 

H L L 1/129 

L — — Stand-by mode 

Note: SW: H = V cc , L = open 
MC: H = 3.0V to V cc , 

L = GND to 0.8V 
PS: H = 2.0V to V CC/ 

L = GND to 0.4V 


PIN DESCRIPTION 


Pin Number 

Symbol 

Description 

1 

IN 

Input 

2 

< 

o 

o 

Power Supply, +5V 

3 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

PS 

Stand-by Control Input (See Divide Ratio Table) 

8 

IN 

Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

o< 

o 

4.5 

5:0 

5.5 

V 

Operating Temperature 

T a 

-40 

- 

+85 

°C 

Load Capacitance 

CL 

- 

- 

8 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

•cc 


- 

11.6 

- 

mA 

Ips 

Stand-by mode 

- 

180 

- 

ma 

Output Amplitude 

Vo 

Built-in a Terminal 

Resitor. 

Load capacitance = 8pF 

1.0 

1.6 

- 

Vp-p 

Input Frequency 

f|N 

With input coupling 
capacitor lOOOpF 

10 

- 

1100 

MHz 

Input Siganl Amplitude 

V, N 

- 

0.4 

- 

2.0 

Vp-p 

High Level Input Voltage for MC 

V, H 

- 

3.0 

- 

- 

V 

Low Level Input Voltage for MC 

V, L 

- 

- 

- 

0.8 

V 

High Level Input Voltage for PS 

V, H 

- 

2.0 

- | 

- 

V 

Low Level Input Voltage for PS 

V,L 

- 

- 

- 

0.4 

V 

High Level Input Current for MC 

•lH 

V, H = 3.0V, V IL = 0.8V 

- 

- 

0.4 

mA 

Low Level Input Current for MC 

IlL 

-0.2 

- 

- 

mA 

Modulus Set-up Time MC to Output 

*SET 

- 

- 

16 

26 

ns 




FUJITSU 


MB509 


Fig. 2 - TEST CIRCUIT 


Sampling scope input point 
for input waveform 




V CC = + 5.0V ± 10% 


Sampling scope prober point 
for output waveform 


C-, : 1 0OOpF 
C 2 : 1 OOOpF 
C 3 : 0.1/xF 

C|_ : 8 pF (including scope and jig capacitance) 
PS pin is open. 


TWO MODULUS OPERATING TIMING CHART 


Example. Divide Ratio of 128/129 


64 I 64 64 


65 I 64 65 


When divide ratio of 129 is selected, positive pulse is added by one to 65. 

The typical set up time is 16 ns from the MD signal input to the timing of 
change of prescaler divide ratio. 
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PACKAGE DIMENSIONS (Cont’d) 

(Suffix: -PF) 


8-LEAD PLASTIC FLAT PACKAGE 




Dimensions in 
inches (millimeters) 



The information contained in this document does not convey any 
license under copyrights, patent rights, software rights or trademarks 
claimed by Fujitsu. Circuit diagrams utilizing Fujitsu products are 
included as a means of illustrating typical applications. Complete 
information sufficient for construction purposes is not necessarily 


given. The information contained in this document has been carefully- 
checked and is believed to be reliable. However, Fujitsu assumes no 
responsibility for inaccuracies. Fujitsu reserves the right to change 
products or specifications without notice. 
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2.7 GHz TOW MODULUS PRESCALER 


The Fujitsu MB510 is a ultra high speed two modulus prescaler which 
enables pulse swallow function. The MB510 is used in Phase Locked 
Loop (PLL) frequency synthesizer and divides the input frequency 
by the modulus of 128/144 or 256/272, respectively 

The HB510 achieves extremely small stray capacitance of internal 
element, realized through the use of Fujitsu Advanced Process 
Technology. As the results, ultra high speed is achieved with 
low power supply current of 10 *>A typ. 


• High Speed: fmax =2.7 GHz max. (V tN = 0.4 Vp-p) 


• Pulse Swallow Function: 128/144, 256/272 


• Low Supply Current : 10 mA typ. 


• Stable Output Amplitude: V Q = 1.6 Vp-p typ. 

• Complete PLL synthesizer circuit with the Fujitsu MB87001 A, PLL synthe- 
sizer system block 1C 

• Plastic 8-pin Dual-In-Line Package (Suffix: — P) 

Plastic 8-pin Mini Flat Package (Suffix: -PF) 

• Built-in a Terminal Resistor 

Stable output amplitude is obtained up to output load capacitance of 8 pF. 


ABSOLUTE MAXIMUM RATI NS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

input Voltage 

V,N 

-0.5 to V cc 

V 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to +125 

°C 





PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Description 


Input 


Power Supply, +5V 


Divide Ratio Control Input {See Divide Ratio Table) 


Output 


Ground 


Modulus Control Input (See Divide Ratio Table) 


Non Connection 


Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

Operating Temperature 

T A 

-40 

- 

+85 

°C 

Load Capacitance 

CL 

- 

- 

8 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

*cc 


- 


■ 

D 

Output Amplitude 

■ 

Built-in a Terminal 

Resitor. 

Load capacitance = 8pF 

1.0 

1.6 

■ 

Vp-p 

Input Frequency 

f|N 

With input coupling 
capacitor lOOOpF 

10 

- 


MHz 

Input Siganl Amplitude 


fin = 2200 to 2700 MHz 

ma 

- 

1.2 - 

Vp-p 

Input Siganl Amplitude 


fin = 10 to 2200 MHz 

m 

- 

1.2 

Vp-p 

High Level Input Voltage for MC 


- 

3.0 

- 

- 

V 

Low Level Input Voltage for MC 

V,L 

- 

- 

- 

0.8 

m 

High Level Input Current for MC 

l«H 

V IH = 2.0V, V||_ * 0.8V 

- 

- 

EM 

mA 

Low Level Input Current for MC 

I.L 

-0.2 

- 

- 

mA 

Modulus Set-up Time MC to Output 

fsET 


- 

16 

26 

ns 
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PACKAGE DIMENSIONS 

(Suffix: P) 


8-LEAD PLASTIC DUAL-IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 



©1987 FUJITSU LIMITED D08006S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 

(Suffix: PF) 


8-LEAD PLASTIC FLAT PACKAGE 



.008(0.21 

i 



Dimensions in 
inches (millimeters) 
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Section 2 



Phase Lock 
Loops (PLL) 


2-3 

MB87001 A 

CMOS PLL Frequency Synthesizer System Block 

2-13 

MB87006A 

CMOS PLL Frequency Synthesizer System Block 

2-21 

MB87014 

CMOS PLL Frequency Synthesizer 

2-29 

MB87073 

CMOS PLL Frequency Synthesizer System Block 

2-39 

MB87076 

Intermittent Operating CMOS Serial Input 
Phase/Locked) Loop (PLL) Frequency Synthesizer 

2-51 

MB87086 

CMOS Serial Input Phase/Locked) Loop (PLL) 
Frequency Synthesizer 
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FUJITSU 


CMOS PLL FREQUENCY 
SYNTHESIZER 
SYSTEM BLOCK 


CMOS SERIAL INPUT Phase-Locked-Loop (PLL) FREQUENCY 
SYNTHESIZER SYSTEM BLOCK 



The Fujitsu MB 87001 A is designed for the PLL Frequency Synthesizer with 
the MB 501 Dual Modulus Prescaler. The MB 87001 A contains a Crystal Oscil- 
lator Circuit, a Digital Controlled Reference Frequency Divider, a Phase 
Detector, a Charge Pump, 17-bit Shift Register, 17-bit Latch, Binary 7-bit 
Swallow Counter, Binary 10-bit Programmable Counter, and control circuit 
for the prescaler. 

• Power Supply Voltage: 2.7 to 5.5V 

• Wide Operation Temperature Range: -40 to +85°C 

• Inverter for oscillator 

• 17-bit Programmable Divider with Input Buffer Amplifier 

• Binary 7-bit Swallow Counter plus Binary 10-bit Programmable Counter 

• 1 1 -bit Programmable Reference Divider with control circuit 

• 8 divided factors for reference frequency selected by external input S-i thru 
S3 

8, 16, 64, 128, 256, 512, 1024, 2048 

• Divided factor for Programmable Dividers is input as serial data bit 

• 2 types of Phase Detector Output 

Bult-in Charge Pump Output 
Output for External Charge Pump 

• Easy to make up PLL system with Dual Modulous Prescaler ICs MB 50X 

• 16-pin Standard Dual-in-line Package (DIP) and 16-pin Flat Package. 

• Pulse Swallow Function 
fvco = [(N x M) + A] x f r 

fvco : VCO (Voltage Controlled Oscillator) Output Frequency 
N : Preset Divided Factor of Binary 10-bit Programmable Counter 
(16 through 1023) : N should be greater than A. 

M : Preset Modulus Factor of external two modulus prescaler 
(64 in 64/65 mode, 128 in 128/129 mode) 

A : Preset Divided Factor of Binary Swallow Counter 
(0 through 127) 

f r Output Frequency of Reference Frequency Divider 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vdd 

GND-0.5 to GND+7.0 

V 

Input Voltage 

v, 

GND-0.5 to V DD +0.5 

V 

Output Voltage 

Vo 

GND-0.5 to V dd +0.5 

V 

Output Current 

•o 

±10 

mA 

Open-drain Output 

Voop 

GND-0.5 to V dd +3.0 

V 

Operating Ambient 
Temperature 

T a 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-65 to +150 

°C 

Power Dissipation 

Pd 

300 

mW 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M02 



PIN ASSIGNMENT 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB 87001 A BLOCK DIAGRAM 


y „ a 


X'tal 

r£l 

A 1 ° 

y o 

T 

yfO-ir- 

A 2 



Divider Control Circuit 


Reference Freq. Divider 

Binary 1 1-bit Divider 



| 17-bit Shift Register 


o 

o 

: 7-bit Shift Reaister 

L 1— 1 . 

10-bit Shift Register 

Lur-i-JLJi-rx-nnx- . 


f in ° j 


17-bit Latch 
I 7-bit Latch 


Programmable Divider 


Binary 7-bit 

Binary 10-bit 

Swallow Counter 

Programmable Counter 


Control Circuit 



PIN NAME TABLE 

I Pin No. 

1 


in Name 

Pin No. 

Vdd 

9 

CK 

10 

SI 

11 

STB 

12 

fin 

13 

M 

14 

LD 

15 

DO 

16 


Pin Nc 
0F 
0 F 
Si 

S2 

S3 

X; 

X 
V< 
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PIN DESCRIPTION 


Pin No. 


1 


2 


3 


Symbol 

Vdd 

CK 


SI 


Function 


Power Supply Voltage 


Clock signal input for 1 7-bit Shift Register. Serial input is valid at the rising edge of CK. 


Serial Data Input for 17-bit Shift Register. See SERIAL DATA INPUT FOR PROGRAM- 


4 


5 


6 


7 


8 


STB 


M 


LD 


DO 


MABLE DIVIDER. 

Strobe signal input for transfer the data of 17-bit Shift Register to 17-bit Latch. The opera- 
tion is executed when STB is at High level. 


Input for Binary 7-bit Swallow Counter and Binary 10-bit Programmable Counter. This input 
involves bias circuit and amplifier. The connection with Dual Modulus Prescaler should be AC 
connection. 

Control output for Dual Modulus Prescaler. The connection with the prescaler should be DC 
connection. 

Pulse Swallow Function: 

MB 501 : M = High : Preset Module Factor 64 or 128 
M = Low : Preset Module Factor 65 or 129 

Output of Phase Comparator; It is at High level when f r and f p are coherent, and then the 
loop is locked. Otherwise it outputs pulse signal. 

Three-stage Charge Pump Output; The mode of DO is changed by the combination of Refer- 
ence Freq. Divider output frequency f r and Programmable Divider output frequency f p as 
listed below: 


9 

10 


0R 
0 P 


11 

12 

13 


51 

5 2 

5 3 


14 


X 


2 


f r > f p : Drive Mode (DO = High) 
f r = f p : High-Impedance Mode 
f r < f p : Sink Mode (DO = Low) 

Outputs for external charge pump. Note that 0 P is an N-ch open-drain output. 





0R 

0P 

fr 

> 

fp 

Low 

Low 

fr 

= 

f p 

Low : 

High-Impedance 

fr 

< 

fp 

High : 

High-Impedance 


Control Inputs for Reference Frequency Divider. The combination of these inputs provides 


divided factor to Reference 

Frequency Divider. 





Divided Factor 

8 

16 

64 

128 

256 

512 

1024 

2048 

Si 

0 

1 

0 

1 

0 

1 

0 

1 

s 2 

0 

0 

1 

1 

0 

0 

1 

1 

S3 

0 

0 

0 

0 

1 

1 

1 

1 


Pin for Crystal Oscillator; Output pin of the inverting amplifier. This pin should be open when 
an external oscillator is used. 


15 X 


16 V 


Pin for Crystal Oscillator; Input pin of the inverting amplifier that forms part of the oscillator. 
This pin receives the oscillator signal as AC coupling when an external oscillator is used, but 
for large amplitude signals (standard CMOS levels), DC coupling may also be used. 

Ground 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Power Supply Voltage (V ss = 0V) 

Vdd 

2.7 to 5.5 

V 

Input Voltage 

v, 

GND to V DD 

V 

Operating Ambient Temperature 

T a 

-40 to +85 

°C 


ELECTRICAL CHARACTERISTICS (V DD = 5.0V, T a = -40 to +85°C) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

All inputs except f )N 
and Xt i 

V, H 

3.5 

- 

- 

V 

Low-level Input Voltage 

All inputs except f )N 
and Xq 

V, L 

- 

- 

1.5 

V 

Input Sensitivity of f| N 

Sine wave AC coupling 

Vfpp 

1.0 

- 

- 

Vp-p 

Input Sensitivity of Xi 

Sine wave AC coupling 

V sin 

1.5 

- 

- 

Vp-p 

High-level Input Current 

All inputs except 
fiN and X^ 

V i = v DD 

•>H 

- 

1.0 

- 

HA 

Low-level Input Current 

All inputs except 
f)N and X-j 

V, = GND 

i.L 

- 

-1.0 

- 

m a 

Input Current of f (N 

V, = GND to V DD 

If IN 

- 

±50 

- 

ma 

Input Current of X •, 

V| = GND to Vp 0 

Ixi 

- 

±50 

- 

ma 

High-level Output Voltage 

All outputs except 

0 P and X 2 
'oh = fytA 

VoH 

4.95 

- 

- 

V 

Low-level Output Voltage 

All outputs except 

0P and X 2 

1 ol = O^A 

VqL 

- 

- 

0.05 

V 

Low-level Output Voltage of 0P 

1 0 l = 2mA 

V OLP 

- 

- 

1.0 

V 

High-level Output Voltage of X 2 

•oh = O^A 

VoHX 

4.50 

- 

- 

V 

Low-level Output Voltage of X 2 

• ol = 0mA 

VqLX 

- 

- 

0.50 

V 

High-level Output Current 

All outputs except 

0P and X 2 

V OH = 4.0V 

•oh 

-1.0 

- 


mA 

Low-level Output Current 

All outputs except 

0P and X 2 

V OL = 0.8V 

•ol 

1.0 

- 

- 

mA 

N-ch. Open Drain Cut-off 

Current 

0P only 

V 0 = V DD +3.0V 

•off 

- 

1.0 

- 

ma 

Power Supply Current 

See Note * 

• DD 

- 

3.0 

- 

mA 

Maximum Operation Frequency 

Divider Unit: Ref. Freq. 
Divider 

f maxd 

15 

25 


MHz 

Maximum Operation Frequency 

Prog. Counter 7/10 bit 
Counter 

^maxp 

13 

25 


MHz 


Note * : f )N = 5.0 MHz using 12.8 MHz X'tal. All inputs except f )N are connected with GND. All outputs are open. 
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ELECTRICAL CHARACTERISTICS (V DD = 3.0V, T a = -40 to +85°C) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

All inputs except f iN 
and Xt 

V IH 

2.1 

- 

- 

V 

Low-level Input Voltage 

All inputs except f )N 
and Xt 

V,l 

- 

- 

0.9 

V 

Input Sensitivity of f )N 

Sine wave AC coupling 

Vfpp 

0.8 

- 

- 

Vp-p 

Input Sensitivity of 

Sine wave AC coupling 

V sin 

1.0 

- 

- 

Vp-p 

High-level Input Current 

All inputs except 
f i (sj and X^ 

V, = V DD 

I.H 

- 

1.0 

- 

pA 

Low-level Input Current 

All inputs except 
f | |\j and X-| 

V, = GND 

IlL 

- 

-1.0 

- 


Input Current of f )N 

V, = GND to Vqd 

•fIN 

- 

±30 

- 

ma 

Input Current of X ^ 

V, = GND to V DD 

Ixi 

- 

±30 

- 

ma 

High-level Output Voltage 

All outputs except 

0P and X 2 
•oh = 0//A 

V OH 

2.95 


- 

V 

Low-level Output Voltage 

All outputs except 

0 P and X 2 
•ol = 0//A 

V OL 

- 

- 

0.05 

V 

Low-level Output Voltage of 0P 

1 ol = 0.8mA 

^OLP 

- 

- 

0.8 

V 

High-level Output Voltage of X 2 

l OH = 0/iA 

VoHX 

2.5 

- 

- 

V 

Low-level Output Voltage of X 2 

Iql = 0/iA 

VoLX 

- 

- 

0.50 

V 

High-level Output Current 

All outputs except 

0P and X 2 

Vqh =2.0V 

*OH 

-0.5 

- 

- 

mA 

Low-level Output Current 

i 

All outputs except 

0P and X 2 

V OL = 0.8V 

*OL 

0.5 

- 

- 

mA 

N-ch. Open Drain Cut-off 

Current 

0P only 

Vq = V DD +3.0V 

•off 

- 

1.0 

- 

ma 

Power Supply Current 

See Note * 

• DO 

- 

2.0 

- 

mA 

Maximum Operation Frequency 

Divider Unit: Ref. Freq. 
Divider 

fmaxd 

1 

13 

20 


MHz 

Maximum Operation Frequency 

Prog. Counter 7/10 bit 
Counter 

^maxp 

10 

20 


MHz 


Note * : f| N = 5.0 MHz using 12.8 MHz X'tal. All inputs except f )N are connected with GND. All outputs are open. 
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Binary 7-bit Swallow Counter Data Input 


Digit No. 

-j 

0 

5 

4 

3 

2 

-j 

Divided Factor 








0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

1 

0 

3 

0 

0 

0 

0 

0 

1 

1 

4 

0 

0 

0 

0 

1 

0 

0 


Note: 

• Divided Factor: 0 thru 127 

• Depending the external prescaler's Divided Factor Swap, 
SW, the input data should be as follow: 

MB 501: 

• SW = "H": Bit 7 of the shift register should be "0." 

• SW = "L": Bit 7 is "0” or "1." 


Binary 10-bit Programmable Data Input 

Digit No. 

17 16 15 V 

Divided Factor 


17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 


Note: Divided factor less than 16 is prohibited. 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No. : DIP-16P-M04) 




© FUJITSU LIMITED 1986 D16033S-2C 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M02) 



© FUJITSU LIMITED 1986 F16005S-3C 


Dimensions in 
inches (millimeters) 


2 


Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con- 
sequently, complete information sufficient for construction pur- 
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in- 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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CMOS PLL FREQUENCY 
SYNTHESIZER 
SYSTEM BLOCK 


FUJITSU 


CMOS SERIAL INPUT Phase-Locked-Loop (PLL) FREQUENCY 
SYNTHESIZER SYSTEM BLOCK 

The Fujitsu MB 87006A is designed for the PLL frequency synthesizer with 
the MB 501 Dual Modulus Prescaler. The MB 87006A contains a crystal oscil- 
later circuit, a digital controlled referenced frequency divider, a phase detector, 
a charge pump, 17-bit shift register, 17-bit latch binary 7-bit swallow counter, 
binary 10-bit Programmable Counter, and control circuit for the prescaler. 

• Single Power Supply Voltage 

• Wide Operation Temperature Range 

• Inverter for oscillater 

• 17-bit Programmable Divider with Input Buffer Amplifier 

Binary 7-bit Swallow Counter plus Binary 10-bit Programmable Counter 

• 14-bit Programmable Reference Divider with Input Buffer Amplifier 
Binary 14-bit Programmable Reference Counter 

• Divided factor for Programmable Dividers is input as serial data with a 
control bit 

• 2 types of Phase Detector output 

Built-in Charge Pump output 
Output for External Charge Pump 

• Easy to make up PLL system with Dual Modulous Prescaler 1C MB 501, 
which works upto 1 GHz. 

• 16-pin Standard Dual-in-line package (DIP) 

• Pulse Swallow Function 

f'vco = {(NxM) + A}xf R rR 

fvco ■' VCO (Voltage Controlled Oscillator) Output Frequency 
N : Preset Divided Factor of Binary 10-bit Programmable Counter 
(16 through 1023) : N should be greater than A. 

M : Preset Modulus Factor of external two modulus prescaler 
(64 in 64/65 mode, 1 28 in 1 28/1 29 mode) 

A : Preset Divided Factor of Binary Swallow Counter 
(0 through 1 27) 

f R : Output Frequency of Reference Frequency Divider 
R : Preset Divided Factor of Binary 1 4-bit Programmable Reference 
Divider 

(8 thru 16383) 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vdd 

GND-0.5 to GND+7.0 

V 

Input Voltage 

V, 

GND-0.5 to V dd +0.5 

V 

Output Voltage 

Vo 

GND-0.5 to V dd +0.5 

V 

Output Current 

•o 

±10 

mA 

Operating Ambient 
Temperature 

T a 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-65 to +150 

°C 

Power Dissipation 

Pd 

300 

mW 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


MB 87006A 


November 1986 
Edition 3.0 



PLASTIC PACKAGE 
DIP-16P-M02 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M02 




This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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BLOCK DIAGRAM 


PIN NAME TABLE 

Pin No. 

1 

2 



Pin Name 

osc in 

OSC out 

fy 

^DD 



0 Modulus Control 


Pin Name 
Clock 
Data 
LE 

Modulus Control 

f R 

REFout 

0V 

0R 
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PIN DESCRIPTION 


Pin No. 

Symbol 

Function 

1 

OSC in 

Pin for Crystal Resonator; Input to the inverting amplifier that forms part of the oscillator. 
This pin receives the oscillator signal as AC coupling when an external oscillator is used, but 
for large amplitude signals (standard CMOS levels) DC coupling may also used. 

2 

OSC out 

Pin for Crystal Resonator; Output of the inverting amplifier. This pin should be connected 
to open when an external oscillator is used. 

3 

fv 

Monitor output of the phase comparator input; as well as monitoring the output of the pro- 
grammable divider 

4 

V DD 

Power Supply Voltage 

5 

PD out 

Three-state Charge Pump Output; The mode of PDqut is changed by the combination of 
Reference Divider output frequency f R and Programmable Divider output frequency f v as 
listed below: 

f R > f v : Drive Mode (PD OUT = High) 
f R = f v : High-Impedance Mode 
f R < f v : Sink Mode (PDqut = Low) 

6 

v ss 

Ground 

7 

LD 

Output of Phase Comparator; It is at High level when f R and f v are coherent, and then the 
loop is locked. Otherwise it outputs pulse signal. 

8 

fin 

Input for Binary 7-bit Swallow Counter and Binary 10-bit Programmable Counter from VCO; 
The connection with Dual Modulus Prescaler should be AC connection. This input involves bias 
circuit and amplifier. 

9 

Clock 

Clock signal input for 17-bit Shift Register and 14-bit Shift Register; Each rising edge of the 
clock makes one bit of the data shift into the shift register which specified by the last bit of 
the data (control bit). 

10 

Data 

Serial data input with pull-up register for 17-bit Programmable Divider and 14-bit Program- 
mable Reference Divider; This data is the divided factor of the divider, which is provided from 
the corresponded shift register. The last bit of the data is the control bit which specified desti- 
nation shift register. The data is transferred to 14-bit Shift Register when the bit is at high level, 
and to 17-bit Shift Register when at low level. 

11 

LE 

Load Enable Input; Data input is enabled when it is High. 

12 

Modulus 

Control 

Control output for Dual Modulus Prescaler. The connection should be DC connection. 

Pulse Swallow Function: 

MB501: M = High : Module Factor 64 or 128 

M = Low : Module Factor 65 or 129 

13 

f R 

Monitor output of the phase comparator input; as well as monitoring the output of the ref- 
erence divider. 

14 

REF out 

Monitor output of the reference frequency; its output can be used as system clock for micro- 
processor, or reference oscillator for another PLL frequency synthesizer. 

15 

16 

0V 

0R 

Outputs for external charge pump. 

0R 0V 

f R > f v : Low High 

f R = f v : High High 

f R < f v : High Low 
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Notes on Serial Data Input Timing 


•t, , ...,t s ^ 1 jus 


Data S17 = MSB ¥ SI 6 



S2 ¥ SI = LSB 


_n_fx 




Note 1 : Clock: Input of 1 7-bit Shift Register; Data is obtained at the edge of Clock. 

Data: Serial Data Input of 17-bit Shift Register; External data is input from this terminal. 

LE: Strobe Signal Input. The contents of 17-bit Shift Register or 14-bit Shift Register are transferred to 

17-bit Latch or 14-bit Latch when it is at high-level. The value of the contents is the divided ratio of 
the programmable divider. 


RECOMMENDED OPERTING CONDITIONS 


Power Supply Voltage (V S s = OV) 
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ELECTRICAL CHARACTERISTICS (V DD = 5.0V, T A = -40 thru +85°) 


Parameter 

Condition 

Symbol 

Min 

Typ 

Max 

Unit 

High-level Input Voltage 
except f in and OSC in 

- 


V IH 

V dd x0.7 



V 

Low-level Input Voltage 
except f in and OSC in 


V,l 



Vqd x 0-3 

V 

Input Sensitivity (f in ) 

Amplitude in AC 
coupling, sine wave 

a 

£ 

> 

0.5 



Vp-p 

Input Sensitivity (OSC in ) 

sine wave 

Vsin 

0.5 



Vp-p 

High-level Input Current 
except f in and OSC in 

v , = v DD 

I.H 


1.0 


juA 

Low-level Input Current 
except f in and OSC in 

V, = GND 

•lL 


-1.0 


MA 

Input Current (f in ) 

V, = GND thru V DD 

•fin 


±50 


juA 

Input Current (OSC in ) 

V, = GND thru V DD 

•dsc 


±50 


ma 

Input Current (LE) 

V, = GND 

•le 


-60 


juA 

High-level Output 

Voltage except OSCqut 

•oh = Oj/A 

Voh 

4.95 



V 

Low-level Output 

Voltage except OSCqut 

l OL = OmA 

V OL 



0.05 

V 

High-level Output Current except 
0SC OUT and Modulus Control 

V OH = 4.6V 

•oh 

-1.0 



mA 

Low-level Output Current except 
0SC OUT and Modulus Control 

V OL = 0.4V 

•OL 

1.0 



mA 

High-level Output Current 
(Modulus Control) 

V OH = 4.6V 

•ohm 

-1.5 



mA 

Low-level Output Current 
(Modulus Control) 

V OL = 0.4V 

•OLM 

3.0 



mA 

Supply Current 

f in = 8.0 MHz, 

11.5 MHz X'tal used 
between OSC in and 
OSCqut/ inputs are 
at GND except f in 
Outputs are open. 

•dd 


3.5 


mA 

Max. Operation Freq. 

Reference Counter 

V DD = 5.0V 

fmaxd 

10 

25 


MHz 

Max. Operation Freq. of 

Binary 7-bit Swallow Counter 
and Binary 10-bit Programmable 
Counter 

V DD =5.0V 

^maxp 

17 

25 


MHz 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M02) 



004 
4 - .002 



Detail of "A" part 

.008(0.20) 




.020(0.50) 

.007(0.18) 

~ MAX 
.027(0.68) 



. 085(2. 15)MAX 

T L 


.031 ±.008 

( 0 . 8 ± 0 . 2 ) 


©1986 FUJITSU LIMITED F16005S-3C 


Dimensions in 
inches (millimeters) 


Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con- 
sequently, complete information sufficient for construction pur- 
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in- 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 


6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable: "FUJITSULIMITED TOKYO” 


For further information please contact: 

FUJITSU LIMITED 

Semiconductors Marketing: Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361 FTTOR J 
FUJITSU MICROELECTRONICS, INC.: 

3320 Scott Blvd., Santa Clara, CA95054-31 97, U.S.A. 

Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA 
FUJITSU MIKROELEKTRONIK GmbH.: 

Arabella Center 9, OG./A, Lyoner StralSe 44-48 D-6000 Frankfurt 71, F.R. Germany 
Phone: 069/66 320 Telex: 0411 963 
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 

805 Tsim Sha Tsui Centre, West Wing 66, Kowloon, Hong Kong 
Phone:3-732 0100 Telex: 31959 FUJIS HX 
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CMOS PLL FREQUENCY 
SYNTHESIZER 


FUJITSU 


CMOS SERIAL INPUT PLL Frequency Synthesizer 

The Fujitsu MB 87014 is a single-chip PLL frequency synthesizer including 
an on-chip 180 MHz two-modulus prescaler. 

MB 87014 contains a two-modulus prescaler, a crystal oscillation circuit, a 
digital controlled reference frequency divider, a phase detector, charge pumps, 
a 16-bit shift register, a 16-bit latch, a binary 6-bit swallow counter, a control 
register and a binary 10-bit programmable counter. 

• On-chip 180 MHz two modulus prescaler 

• 16-bit Programmable Divider 

(Binary 6-bit Swallow Counter plus Binary 10-bit Programmable Counter) 

• 16-bit Programmable Reference Frequency Divider with Input Buffer 
Amplifier 

• Divide factor for Programmable Dividers is input as serial data with a 
countrol bit 

• 3 types of Phase Detector Outputs 

Built-in Charge Pump Output for Active Low Pass Filter 
Built-in Charge Pump Output for Passive Low Pass Filter 
Output for External Charge Pump 

• Single Power Supply Voltage: +5 V 

• Wide Operating Temperature Range: -30°C to +60°C 

• 16-pin Standard Dual In-Line Package (DIP) and 16-pin Flat Package 

• Pulse Swallow Function: 

fvco = t(Np x M) + A] x f x in T Np 

fvco VCO (Voltage Controlled Oscillator) Output Frequency 
N F Preset Divided Factor of Binary 10-bit Programmable Counter 

(5 through 1023) : Np should be greater than A. 

M Preset Modulus Factor of two-modulus prescaler (64/65) 

A Preset Divided Factor of Binary 6-bit Swallow Counter 

(0 through 63) 

f x in : Output Frequency of an external oscillator 

N r Preset Divided Factor of Binary 16-bit Programmable 

Reference Frequency Divider 
(5 through 65535) 


ABSOLUTE MAXIMUM RATINGS (V ss = GND) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vdd 

V ss -0.3 to V ss +6.0 

V 

Input Voltage 

V, N 

Vss - 0.3 to Vqq+0.3 

V 

Output Voltage 

V OUT 

Vss~0-3 to V DD +0.3 

V 

Output Current 

•out 

±10 

mA 

Operating Ambient 
Temperature 

T a 

- 30 to +80 

°C 

Storage Temperature 

Tstg 

-40 to +125 

°C 

Power Dissipation 

Pd 

300 

mW 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


MB 87014 


April 1987 
Edition 2.0 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M02 


PIN ASSIGNMENT 


X| N 

X OUT 

fv 

V DD 
DOP 
V SS 
LD 
f IN 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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PIN DESCRIPTIONS 


Pin No. 

Symbol 

Function 

1 

X|N 

Pin for Crystal Resonator; Input to the inverting amplifier that forms part of the oscillator. 
This pin receives the oscillator signal as AC coupling when an external oscillator is used, but 
for large amplitude signals (standard CMOS levels) DC coupling may also used. 

2 

Xout 

Pin for Crystal Resonator; Output of the inverting amplifier. This pin should be open when 
an external oscillator is used. 

3 

f v 

Monitor output of the phase comparator input; as well as monitoring the output of the pro- 
grammable divider. 

4 

Vqd 

Power Supply Voltage 

5 

DOP 

Three-state Charge Pump Output; The mode of DOP is changed by the combination of the 
reference frequency divider output frequency f R and the programmable divider output 
frequency f v as listed below: 

f R >f v : Drive Mode (DOP = High) 
f R = f v : High-Impedance Mode 
f R <f v : Sink Mode (DOP = Low) 

6 

v ss 

Ground 

7 

LD 

Output of Phase Comparator; LD is High when f R and f v are coherent, that is, the loop is 
locked. When the loop is not locked, a pulse signal is present at LD. 

8 

f|N 

Input for the Two-Modulus Prescaler from VCO; The connection with VCO should be AC 
connection. This input involves bias circuit and amplifier. 

9 

CLK 

Clock signal input for the 16-bit Shift Register and the Control Register; Each rising edge of 
the clock makes one bit of the data shift into the shift register. 

10 

DATA 

Serial data input with pull-up register for the programmable divider and the programmable 
reference frequency divider; This data is the divided factor of the divider, which is provided 
by the corresponded shift register. The last bit of the data is the control bit which specified 
destination shift register. The data is transferred to the 16-bit Shift Register when the bit is 
at high level, and to the 6/10 bit Shift Register when at low level. 

11 

LE 

Load Enable Input; The contents of 6/10-bit Shift Register or 16-bit Shift Register are 
transferred to 6/10-bit latch or 16-bit Latch when it is at high level. 

12 

DOA 

Three-state Charge Pump Output; The mode of DOA is changed by the combination of 
reference frequency divider output frequency f R and the programmable divider output 
frequency f v as listed below: 

f R >f v : Sink Mode (DOA = Low) 
f R = f v : High-Impedance Mode 
f R < f v : Drive Mode (DOA = High) 

13 

f R 

Monitor output of the phase comparator input; as well as monitoring the output of the 
reference frequency divider. 

14 

NC 

Non connection. 

15 

16 

0v 

0R 

Outputs for external charge pump. 

0 R 0V 

f R >f v : Low High 

f R = f v High High 

f R <f v High Low 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Power Supply Voltage (V ss = OV) 

V DD 

4.0 to 5.5 

V 

Input Voltage 

V, N 

GND to V dd 

V 

Operating Ambient Temperature 

T a 

-30 to 60 

°C 


ELECTRICAL CHARACTERISTICS (V ss = GND, V DD = 5.0 V, T A = -30°C to +60°C) 


Parameter 

Condition 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 
except f| N and X )N 


V|H 

3.5 



V 

Low-level Input Voltage 
except f IN and X !N 


V | L 



1.5 

V 

Input Sensitivity (f, N ) 

Amplitude in AC 
coupling, sine wave 

Vfpp 

1.0 



V p _p 

Input Sensitivity (X !N ) 

Amplitude in AC 
coupling, sine wave 

V si n 

1.0 



Vp-p 

High-level Input Current 
except f )N and X !N 

V l = V DD 

1 IH 


1.0 


aa 

Low-level Input Current 
except f| N and X )N 

V, = V ss 

1 1 L 


-1.0 


ma 

Input Current (f iN ) 

V [ — Vcc thru V DD 

If IN 


±50 


MA 

Input Current (X, N ) 

V, ~ V ss thru V DD 

1 X IN 


±50 


JUA 

High-level Output 

Voltage except Xqut 

•oh = 0 mA 

V<DH 

4.95 



V 

Low-level Output 

Voltage except Xqut 

Iql ~ 0 MA 

VOL 



0.05 

V 

High-level Output Current except 

^OUT 

V OH = 4.6 V 

•OH 

-1.0 



mA 

Low-level Output Current except 

*OUT 

V OL = 0.4 V 

•oL 

1.0 



mA 

Supply Current 

f IN = 180 MHz, 

22 MHz X'tal used 
between X, N and 
Xqut/ Inputs are 
at V ss except f, N 
Outputs are open. 

•dd 


8.0 


mA 

Max. Operation Freq. for f )N , 
Two-Modulus Prescaler 

V DD = 5.0 V 

f maxps 

180 

250 


MHz 

Max. Operation Freq. for X )N , 

Binary 16-bit Reference Freq. 
Counter, Binary 6-bit Swallow 
Counter and Binary 10-bit 
Programmable Counter 

V DD =4.0V 

V DD = 5.0 V 

fmaxc 

15 

22 

22 

25 


MHz 
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Fig. 2 - MB 87014 INPUT DATA FORMAT 


Si 

S 2 

S 3 

s 4 

S 5 

S 6 

S7 

S 8 

Sg 

S10 

Sn 

S12 

S13 

S 14 

Sl 5 

S16 

CSG 

_ _ . _ 

MSB r 

Divided factor of Binary 6-bit 
Swallow Counter 

Divided factor of Binary 10-bit 

Programmable Counter 


Control 

bit 


Divided factor of Binary 16-bit Programmable Reference Counter 


Binary 6-bit Swallow Counter Data Input 


Divided 

Digit No. 

factor 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 


Note: Divided factor: 0 to 63 


Binary 10-bit Programmable Data Input 


Divided 

Digit No. 

factor 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

5 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

6 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 


Note: Divided factor less than 4 is prohibited. 
Divided factor: 5 to 1023 


2 


Binary 16-bit Counter Programmable Reference Data Input 


Divided 

Digit No. 

factor 

16 

15 

14 

13 

12 

1 1 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 


Note: Divided factor less than 4 is prohibited. 
Divided factor: 5 to 65535 


2 - 25 





FUJITSU 


MB 87014 


Fig. 3 -SERIAL DATE INPUT TIMING 


»t, t s ^ 1 ns 


DATA S16 = Mi 




Note 1 : CLK: Input of 16-bit Shift Register and the Control Register; Data is obtained at the edge of Clock. 

DATA: Serial Data Input of 16-bit Shift Register and the Control Register; Serial data is input from this terminal. 
LE: Load Enable Input. The contents of 6/10-bit Shift Register or 16-bit Shift Register are transferred to 6/10 

bit Latch or 16-bit Latch when it is at high-level. The value of the contents is the divided ratio of the 
programmable divider. 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M02) 



©FUJITSU LIMITED 1986 F16005S-3C 


Dimensions in 
inches (millimeters) 


FUJITSU LIMITED 

Communications and Slectronics 


Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con- 
sequently, complete information sufficient for construction pur- 
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in- 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 


6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable: "FUJITSULIMITED TOKYO” 


For further information please contact: 

FUJITSU LIMITED 

Semiconductors Marketing: Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361 FT TOR J 
FUJITSU MICROELECTRONICS, INC.: 

3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A. 

Phone: 408-562-1000 Telex: 910-338-0190 FUJITSU SNJA 
FUJITSU MIKROELEKTRONIK GmbH.: 

Arabella Center 9, OG./A, Lyoner StraSe 44-48 D-6000 Frankfurt 71, F.R. Germany 
Phone: 69-66-320 Telex: 411963 FMG D 
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 

805 Tsim Sha Tsui Centre, West Wing 66, Kowloon, Hong Kong 
Phone: 3-732 0100 Telex: 31959 FUJIS HX 


©FUJITSU LIMITED 1987 Printed in japan OV2269-874C2 
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FUJITSU 


CMOS PLL FREQUENCY 
SYNTHESIZER 



SYSTEM BLOCK 


CMOS SERIAL INPUT Phase-Locked-Loop (PLL) FREQUENCY 
SYNTHESIZER SYSTEM BLOCK 


October 1987 
Edition 1.0 


The Fujitsu MB87073 is designed for the PLL Frequency Synthesizer with 
the MB501 Dual Modulus Prescaler. The MB87073 contains a Crystal Oscillator 
Circuit, a Digital Controlled Reference Frequency Divider, a Phase Detector, 
a Charge Pump, 18-bit Shift Register, 18-bit Latch, Binary 7-bit Swallow 
Counter, Binary 11 -bit Programmable Counter, and control circuit for the 
prescaler. 

• Power Supply Voltage: 2.7 to 5.5V 

• Wide Operation Temperature Range: -40 to +85°C 

• Inverter for oscillator 

• 18-bit Programmable Divider with Input Buffer Amplifier 

Binary 7-bit Swallow Counter plus Binary 1 1 -bit Programmable Counter 

• 1 1-bit Programmable Reference Divider with control circuit 

• 8 divided factors for reference frequency selected by external input S-i thru 

S 3 

8, 16, 64, 128,256, 512, 1024, 2048 

• Divided factor for Programmable Dividers is input as serial data bit 

• 2 types of Phase Detector Output 

Built-in Charge Pump Output 
Output for External Charge Pump 

• Easy to make up PLL system with Dual Modulous Prescaler ICs MB 50X 

• 16-pin Standard Dual-in-line Package (DIP) and 16-pin Flat Package. 

• Pulse Swallow Function 
fvco = [(N x M) + A] x f r 

f vco : VCO (Voltage Controlled Oscillator) Output Frequency 
N Preset Divided Factor of Binary 11 -bit Programmable Counter 

(16 through 2047) : N should be greater than A. 

M : Preset Modulus Factor of external two modulus prescaler 
(64 in 64/65 mode, 128 in 128/129 mode) 

A : Preset Divided Factor of Binary Swallow Counter 
(0 through 127) 

f r Output Frequency of Reference Frequency Divider 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vdd 

GND-0.5 to GND+7.0 

V 

Input Voltage 

v, 

GND-0.5 to V DD +0.5 

V 

Output Voltage 

Vo 

GND-0.5 to V dd +0.5 

V 

Output Current 

lo 

±10 

mA 

Open-drain Output 

Voop 

GND-0.5 to V dd +3.0 

V 

Operating Ambient 
Temperature 

T a 

-40 to +85 

°c 

Storage Temperature 

Tstg 

-65 to +1 50 

°c 

Power Dissipation 

Pd 

300 

mW 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 ~ MB87073 BLOCK DIAGRAM 


Divider Control Circuit 


; Reference Freq. Divider 
- 4 - Binary 1 1 -bit Divider 


18-bit Shift Register 


I 7-bit Shift Register 

1 1-bit Shift Register 



18-bit Latch 

IT 7-bit Latch 


11 -bit Latch |i L-l Charge 

■ lj: t- r r-r-r-n 1 .! Pum P 


nmi.t iiiliHnii 

Programmable Divider 

Binary 7-bit Binary 11 -bit 

Swallow Counter Programmable Counter 


Control Circuit 


PIN NAME TABLE 
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PIN DESCRIPTION 


Pin No. 


1 


2 


3 


Symbol 

V DD 

CK 


SI 


Function 


Power Supply Voltage 


Clock signal input for 18-bit Shift Register. Serial input is valid at the rising edge of CK. 


Serial Data Input for 18-bit Shift Register. See SERIAL DATA INPUT FOR PROGRAM- 
MABLE DIVIDER. 


4 


5 


7 


8 


STB 


M 


LD 


DO 


Strobe signal input for transfer the data of 18-bit Shift Register to 18-bit Latch. The opera- 
tion is executed when STB is at High level. 

Input for Binary 7-bit Swallow Counter and Binary 11 -bit Programmable Counter. This input 
involves bias circuit and amplifier. The connection with Dual Modulus Prescaler should be AC 
connection. 

Control output for Dual Modulus Prescaler. The connection with the prescaler should be DC 
connection. 

Pulse Swallow Function: 

MB 501 : M = High : Preset Module Factor 64 or 128 
M = Low : Preset Module Factor 65 or 129 

Output of Phase Comparator; It is at High level when f r and f p are coherent, and then the 
loop is locked. Otherwise it outputs pulse signal. 

Three-state Charge Pump Output; The mode of DO is changed by the combination of Refer- 
ence Freq. Divider output frequency f r and Programmable Divider output frequency f p as 
listed below: 


9 

10 


0R 

0P 


11 

12 

13 


51 

5 2 

5 3 


14 


X 


2 


f r > f p : Drive Mode (DO = High) 
f r = f p : High-Impedance Mode 
f r < f p : Sink Mode (DO = Low) 

Outputs for external charge pump. Note that 0P is an N-ch open-drain output. 





0R 

0P 

f r 

> 

fp 

Low 

Low 

f r 

= 

fp 

Low 

High-Impedance 

fr 

< 

fp 

High 

High-Impedance 


Control Inputs for Reference Frequency Divider. The combination of these inputs provides 


divided factor to Reference 

Frequency Divider. 





Divided Factor 

8 

16 

64 

128 

256 

512 

1024 

2048 

Si 

0 

1 

0 

1 

0 

1 

0 

1 

s 2 

0 

0 

1 

1 

0 

0 

1 

1 

S 3 

0 

0 

0 

0 

1 

1 

1 

1 


Pin for Crystal Oscillator; Output pin of the inverting amplifier. This pin should be open when 
an external oscillator is used. 


15 X 


16 V 


Pin for Crystal Oscillator; Input pin of the inverting amplifier that forms part of the oscillator. 
This pin receives the oscillator signal as AC coupling when an external oscillator is used, but 
for large amplitude signals (standard CMOS levels), DC coupling may also be used. 

Ground 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Power Supply Voltage (V ss = 0V) 

Vdd 

2.7 to 5.5 

V 

Input Voltage 

V, 

GND to V DD 

V 

Operating Ambient Temperature 

T a 

-40 to +85 

°C 

l ° 


ELECTRICAL CHARACTERISTICS (V DD = 5.0V, T a = -40 to +85°C) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

All inputs except f !N 
and Xt 

V, H 

3.5 

- 

- 

V 

Low-level Input Voltage 

All inputs except f )N 
and Xt 

V, L 

- 

- 

1.5 

V 

Input Sensitivity of f !N 

Sine wave AC coupling 

Vfpp 

1.0 

- 

- 

Vp-p 

Input Sensitivity of X-| 

Sine wave AC coupling 

Vsin 

1.5 

- 

- 

Vp-p 

High-level Input Current 

All inputs except 
f 1 [sj and X-| 

V i = v DD 

I.H 

- 

1.0 

- 

ka 

Low-level Input Current 

All inputs except 
f(i\j and X-j 

V, = GND 

1 1 L 

- 

-1.0 

- 

^A 

input Current of f )N 

V, = GND to V DD 

'f IN 

- 

±50 

- 

ma 

Input Current of X-, 

V, = GND to V DD 

»X1 

- 

±50 


ma 

High-level Output Voltage 

All outputs except 

0P and X 2 
'oh = 0/iA 

^OH 

4.95 


- 

V 

Low-level Output Voltage 

All outputs except 

0P and X 2 

1 0 l = On A 

^OL 


- 

0.05 

v 

Low-level Output Voltage of 0P 

1 q |_ = 2mA 

^OLP 

- 

- 

1.0 

V 

High-level Output Voltage of X2 

'oh = O^A 

^OHX 

4.50 

- 

- 

V 

Low-level Output Voltage of X 2 

Iql ~ 0mA 

VoLX 

- 

- 

0.50 

V 

High-level Output Current 

All outputs except 

0P and X 2 

V OH = 4.0 V 

'OH 

-1.0 



mA 

Low-level Output Current 

All outputs except 

0P and X 2 

V OL = 0.8V 

'OL 

1.0 

- 

1 

mA 

N-ch. Open Drain Cut-off 

Current 

0P only 

V 0 = V DD +3.0V 

'off 

- 

1.0 


ma 

Power Supply Current 

See Note * 

' DD 

- 

3.0 


mA 

Maximum Operation Frequency 

Divider Unit: Ref. Freq. 
Divider 

f maxd 

15 

25 


MHz 

Maximum Operation Frequency 

Prog. Counter 7/1 1 bit 
Counter 

^maxp 

13 

25 


MHz 


Note * : f|N = 5.0 MHz using 12.8 MHz X'tal. All inputs except f )N are connected with GND. All outputs are open. 
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ELECTRICAL CHARACTERISTICS iv dd =3.ov, t a = -40 to +85°ci 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

All inputs except f !N 
and X-f 

V, H 

2.1 

- 

- 

V 

Low-level Input Voltage 

All inputs except f )N 
and X^ 

V, L 

- 

- 

0.9 

V 

Input Sensitivity of f (N 

Sine wave AC coupling 

Vfpp 

0.8 

- 

- 

Vp-p 

Input Sensitivity of X-| 

Sine wave AC coupling 

Vsfn 

1.0 

- 

- 

Vp-p 

High-level Input Current 

All inputs except 
f )N and X-j 

V| - V DD 

•|H 

- 

1.0 

- 

ma 

Low-level Input Current 

All inputs except 
f in and X-| 

V, = GND 

l,L 

- 

-1.0 

- 

/i A 

Input Current of f )N 

Vj = GND to Vqd 

•flN 

- 

±30 

- 

ma 

Input Current of X-| 

V, = GND to V DD 

1 X 1 

- 

±30 

- 

HA 

High-level Output Voltage 

All outputs except 

0P and X 2 
•oh = 0/iA 

VoH 

2.95 

- 

- 

V 

Low-level Output Voltage 

All outputs except 

0 P and X 2 

1 0 l = 0//A 

VoL 

- 

- 

0.05 

V 

Low-level Output Voltage of 0P 

1 0 l = 0.8mA 

VOLP 

- 

- 

0.8 

V 

High-level Output Voltage of X 2 

•oh = O^A 

VoHX 

2.5 

- 

- 

V 

Low-level Output Voltage of X 2 

1 0 l = 0mA 

VoLX 

- 

- 

0.50 

V 

High-level Output Current 

All outputs except 

0P and X 2 

V OH = 2.0V 

•oh 

-0.5 

- 

- 

mA 

Low-level Output Current 

All outputs except 

0P and X 2 

V OL = 0.8V 

•OL 

0.5 

- 

- 

mA 

N-ch. Open Drain Cut-off 

Current 

0P only 

V 0 “ V DD + 3.0V 

•off 

- 

1.0 

- 

HA 

Power Supply Current 

See Note * 

•dd 

- 

2.0 

- 

mA 

Maximum Operation Frequency 

Divider Unit: Ref. Freq. 
Divider 

^maxd 

13 

20 


. MHz 

Maximum Operation Frequency 

Prog. Counter 7/1 1 bit 
Counter 

f maxp 

10 

20 


MHz 


Note * : f| N = 5.0 MHz using 12.8 MHz X'tal. All inputs except f )N are connected with GND. All outputs are open. 
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Binary 7-bit Swallow Counter Data Input 


Digit No. 

7 

0 

5 

4 

3 

2 

-J 

Divided Factor 








0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

1 

0 

3 

0 

0 

0 

0 

0 

1 

1 

4 

0 

0 

0 

0 

1 

0 

0 


Note: 

• Divided Factor: 0 thru 127 

• Depending the external prescaler's Divided Factor Swap, 
SW, the input data should be as follow: 

MB 501 : 

•SW = "H": Bit 7 of the shift register should be " 0 .” 

•SW= "L": Bit 7 is " 0 ” or "1.” 


Binary 11-bit Programmable Data Input 

Digit No. 

18 17 16 15 

Divided Factor 


18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 


Note: Divided factor less than 16 is prohibited. 
Divided factor: 16 thru 2047 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No. : DIP-16P-M04) 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT 16P M02) 



Detail of "A" part 



t . 007 ( 0 . 1 8 ) 
MAX 

. 027 ( 0 . 68 ) 

MAX 


FUJITSU LIMITED 1986 F16005S3C 


Dimensions in 
inches (millimeters) 


2 


The information contained in this document does not convey any 
license under copyrights, patent rights, software rights or trademarks 
claimed by Fujitsu. Circuit diagrams utilizing Fujitsu products are 
included as a means of illustrating typical applications. Complete 
information sufficient for construction purposes is not necessarily 


given. The information contained in this document has been carefully- 
checked and is believed to be reliable. However, Fujitsu assumes no 
responsibility for inaccuracies. Fujitsu reserves the right to change 
products or specifications without notice. 
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illllllOlIlllfillH 

FUJITSU 

■■IlHIlil 


INTERMITTENT OPERATING CMOS SERIAL INPUT 
Phase-Locked-Loop (PLL) FREQUENCY SYNTHESIZER 


TS588-A883 
March 1988 


The Fujitsu MB87076 is a intermittent operating serial 
input PLL frequency synthesizer fabricated Advanced 
CMOS Technology. 

The MB87076 contains inverter for Oscillator, 14-bit Shift 
Register, 18-bit Shift Register, 1-bit Control Register, 
14-bit Latch, 18-bit Latch, Programmable Divider (Binary 
11-bit Programmable Counter and Binary 7-bit Swallow 
Counter), Programmable Reference Divider (Binary 14-bit 
Programmable Reference Counter), Phase Detector, Charge 
Pump, Control Generator for External Two Modulus Prescaler 
and Intermittent Operating Controller. 

The MB87076 has a selection of either operation mode or 
power down mode depending on PS input signal level. 

Whenever device starts operation, fr and fv are forced 
to phase synchronizm condition. 

• Single Power Supply Voltage 

• Wide Operation Temperature Range : Ty\ = -40 to 85 °C 

• On-chip Inverter for Oscillator 

• Programmable Reference Divider with Input Amplifier 
Programmable Divider with Input Amplifier 

• 2 Types of Phase Detector Output 

On-chip Charge Pump Output 
Output for External Charge Pump 

• 16-pin Standard Dual-in-line Package (Suffix:-P) 

16-pin Standard Flat Package (Suffix:-PF) 

• Pulse Swallow Function 

f VCO = { ( N x M) + A } x fOSC * R 

fvCO : VCO (Voltage Controlled Oscillator) 

Output Frequency 

N : Preset Divide Factor of Binary 11-bit Programmable 
Counter (16 to 2047) 

M : Preset Modulus Factor of External Two Modulus 

Prescaler (64 in 64/65 mode, 128 in 128/129 mode) 

A : Preset Divide Factor of Binary 7-bit Swallow 
Counter (0 to 127) 

fOSC : Output Frequecny of an External Oscillator 
R : Preset Divide Factor of Binary 14-bit Programmable 
Reference Counter (8 to 16383) 


ABSOLUTE MAXIMUM RATING (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V DD 

V 55 -O .5 to V$s + 7.0 

V 

Input Voltage 

Vim 

V 55 -O .5 to Vqq+0.3 

V 

Output Voltage 

v 0UT 

Vss~0.5 to Vqd+0.3 

V 

Output Current 

I OUT 

± 10 

mA 

Open Drain Output 

V 0P 

Vss~0-5 to Vqq+3.0 

V 

Operating Temperature 

t A 

-40 to +85 

°C 

Storate Temperature 

Tstg 

-40 to +125 

°C 

Power Dissipation 

Pd 

300 

mW 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M02 


PIN ASSIGNMENT 

OSCln C 

1 

16 

□ *R 

OSCoutQ 

2 

15 

□ $v 

LcC 

3 

14 

I] PS 

V DD C 

4 

13 

□ fr 

DO Q 

TOP 

5 

VIEW 

12 

□ h 

v ss C 

6 

11 

□ u 

ldC 

7 

10 

H Data 

ffn 

a 

9 

U Clock 






NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB87076 BLOCK DIAGRAM 



























PIN NAME TABLE 


Pin No. 

I/O 

Pin Name 

Pin No. 

I/O 

Pin Name 

1 

IN 

OSCin 

16 

OUT 

tR 

2 

OUT 

OSCout 

15 

OUT 

$V 

3 

OUT 

LC 

14 

IN 

PS 

4 

_ 

V DD 

13 

OUT 

fr 

5 

OUT 

Do 

12 

OUT 

M 

6 

_ 

v ss 

11 

IN 

LE 

7 

OUT 

LD 

10 

IN 

Data 

8 

IN 

fin 

9 

IN 

Clock 


PIN DESCRIPTION 


Pin No. Symbol Description 

1 OSCin Pin for Crystal Oscillator; Input to the inverting amplifier 
that forms part of the oscillator. This pin receives the 
oscillator signal as AC coupling when an external oscillator 
is used, but for large amplitude signals (standard CMOS 
levels) DC coupling may also used. 


2 OSCout Pin for Crystal Oscillator; Output of the inverting amplifier. 

This pin should be connected to ground when an external 
oscillator is used. 



3 LC 

4 V DD 

5 Do 

6 V SS 


Output pin for Loop Control Signal; It is at high level, when 
operation mode is selected. It is at low level, when power down 
mode is selected. 

Power Supply Voltage 

Three-state Charge Pump Output; The mode of Do is changed by 
the combination of Programmable Reference Divider output frequency 
fr and Programmable Divider output frequency fv as listed below: 

fr > fv 
fr = fv 
fr < fv 

Ground 


: Drive Mode (Do = H level) 
: High-Impedance Mode (Do = Z level) 
: Sink Mode (Do = L level) 
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PIN DESCRIPTION (Continued) 

Pin No. Symbol Description 

7 LD Output of Phase Comparator; It is at Low level when fr and 

fv are coherent, and then the loop is locked. Otherwise it 
outputs high level . 

8 fin Input for Binary 7-bit Swallow Counter and Binaray 10-bit 

Programmable Counter from VCO; This input involves bias circuit 
and amplifier. The connection with Dual Modulus Prescaler 
should be AC connection. 

9 Clock Clock signal input for 18-bit Shift Register and 14-bit Shift 

Register; Each rising edge of the clock makes one bit of the 
data shift into the shift registers. 

10 Data Serial data input for Shift Registers. 

This data is the divide ratio of the divider, which is 
provided from the corresponded shift register. The last bit of 
the data is the control bit which specified destination of 
shift register. The data is transferred to 14-bit Shift Register 
when the bit is at high level, and to 18-bit Shift Register when 
at low level . 

11 LE Load Enable Input; When this pin is at high level, the data 

latches from Shift Register is transferred to Programmable 
Reference Divider or Programmable Divider depending on the 
control bit data. 

12 M Control output for external Dual Modulus Prescraler. 

The connection should be DC connection. 

Pulse Swallow Function : 

MB 501: M = High : Preset Module Factor 64 or 128 
M = Low : Preset Module Factor 65 or 129 

13 fr Monitor output of the phase comparator input; as well as 

monitoring the output of the reference divider. 

14 PS Power down control input; When this pin is at High level, 

operation mode is selected. When this pin is at Low level, 
power down mode is selected. 

15 Output for external charge pump. 

16 0R 



0R 

0V 

fr > fv 

Low 

Low 

fr = fv 

Low 

High-impedance 

fr < fv 

High 

High-impedance 
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FUNCTIONAL DESCRIPTIONS 


Serial Data input for Programmable Divider 

Binary serial data is input to Data pin. Each rising edge of clock makes one bit of 
the data shift into the shift registers and control register. Input data consists of 
18 -bit data and 1-bit of control bit data. In this case, control bit is set at 
low level. Si to S7 selectes the divide ratio of 7 -bit swallow counter and 
Sq to Sis selects the divide ratio of 11 bit programmable counter. 

The data format is shown below. 


Control bit 



7 -bit Swallow Counter Data Input 


Divide 



Diqit 

No. 



factor 

S7 

s 6 

ss 

S 4 

s 3 

s 2 

Si 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 


Note: Divide factor : 0 to 127 


11 -bit Programmable Divider Data Input 


Divide 

Diqit No. 1 

factor 

s 18 

BH 

|jQ| 

BH 

m 

BS 


m 

mg 

S 9 


16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 


Note: Divide factor less than 16 is prohibited. 
Divide factor : 16 to 2047 
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FUNCTIONAL DESCRIPTIONS (Continued) 

Serial Data input for Programmable Reference Divider 


Binary serial data is input to Data pin. Each rising edge of clock makes one bit of 
the data shift into the shift registers and control register. Input data consists of 
14-bit data and 1-bit of control bit data. In this case, control bit is set at 
high level . 

The data format is shown below. 


Control bit 



14-bit Programmable Divider Data Input 



■ HR 





jjQ 

IQ 

jg^Q 

Q 

E 

H 

E 

E 

El 

Q 



8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

II 

0 


0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 


1 


Note: Divide factor less than 8 is prohibited. 
Divide factor : 8 to 16383 


















- PHASE DETECTOR WAVEFORM 


f R 


C f V > 


D o 



C High z 


<P R 


<p V 


tMiishZ 


* 0V : N-channel open drain output 

, R JT_JT_JT_JTJT_JT_JT_JT_J1JT_JU^ 

< , v> 

SJ{ JjJ 

L D 


* * LD is set at High level when fr£fv. (Unlock condition) 
LD is set at Low level when fr=fv. (Lock condition) 


L5 


INTERMITTENT OPERATIONAL DESCRIPTIONS 


The MB87076 has Intermittent operation function which selects operation mode or 
power down mode depending on PS input signal level. 

When PS is set at low level, power down mode is selected. During power down mode, 
internal dividers stop operation. Thus, very low power supply consumption is 
achieved and LC is set at Low level. 

Then the PS level becomes High level with the frequency of VCO as nearly the 
same as that under the condition of phase lock. 

When PS is set at High level, the following sequence steps are taken. 

1) Programmable divider starts operation 

2) fv is output with some dealy 

3) Programmable reference divider starts operation when it receives fv. 

4) fr is output 

5) LC is forced to set at High level (Normal operation mode is selected) 

As the fr outputs immediately after the fv outputs, and goes into the phase 
detector, the phase lock condition can be obtained just after the first 
clock. 

When PS is set at Low level again, internal dividers stop operation. 

Then internal condition turnes to be reset. 


Fig. 4 - INTERMITTENT OPERATION MODE 


PS 



< fv ) 



LC 



Power down node 


Operation mode 


Power down mode 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 


Power Supply Voltage 

Vdd 

2.7 

5.0 


V 

Input Voltage 

VlN 

V SS 


V DD 

V 

Operating Temperature 

Ta 

-40 


+85 

°C 
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ELECTRICAL CHARACTERISTICS 


(V$s = 0 V, V DD = 5.0 V, T A = -40 to 85 °C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 
except fin and OSCin 

VlH 


3.5 



V 

Low-level Input Voltage 
except fin and OSCin 

VlL 




1.5 

B 

Input Sensitivity (fin) 


Ampl itude in AC 
coup! ing,sine wave 

0.8 



BBS 

Input Sensitivity (OSCin) 

Vsin 




EH 

High-level Input Current 
except fin and OSCin 

IlH 

V IN =V DD 



1.0 

vA 

Low-level Input Current 
except fin and OSCin 

IlL 

VlN =v SS 



-1.0 

Qj 

Input Current (fin) 

IfIN 

V IN =V SS t0 V DD 





Input Current (OSCin) 




±50 


ViA 

High-level Output 

Voltage except $V and OSCout 

VOH 

IOH=0pA 

4.95 

■ 


H 

Low-level Output 

Voltage except $V and OSCout 

Vol 

Iol=om 


■ 


H 

Low-level Output Voltage ($V) 

v OLV 

IgL=lmA 




n 

High-level Output Voltage (OSCout) 


IOH=0nA 

4.50 



V 

Low-level Output Voltage (OSCout) 

v OLX 

Iol=0uA 



0.50 

m 

High-level Output 

Current except $V and OSCout 

X 0H 

V 0 h=4.0V 

-1.0 



mA 

Low-level Output 

Current except <pV and OSCout 

IOL 

Vql=0.8V 

1.0 




N-ch open drain Cut Off 

Current 

l Ol 

V O =V D0 +3.0V 


1.0 



* 

Power Supply Current 

Jddop 

Operation mode 




mA 

!dDPS 

Power down mode 

i 


100 


Max. Operation Freq. 
of Programmable 

Reference Counter 

fmaxd 


15 

25 


MHz 

Max. Operation Freq. 
of Programmable Counter 

fmaxp 


10 

25 


MHz 


Note: 

fin=8.0MHz, 11.5MHz Crystal is connected between OSCin and OSCout. PS is set 
at high level, the other inputs are set at low level. Output are open. 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No. : DIP-16P-M04) 



,244±.010 

16.20t0.25) 


.300 (7.62) TYP 


'■ 770 *oi 2 (19 - 55 !a'3 ) - 


.0101.002 , 

10.25i0.05) j 



.100(2,54) 

TYP 


172(4.36)MAX 


.020(0.51 )MIN 


(1.52+jj 3 ) 


Dimensions in 
inch** (millimeters) 


©FUJITSU LIMITED 1986 D16033S-2C 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M02) 



■ — I o 1+ 0 - 1 ) 

r' u -'-o.o5' 

(STAND OFF) 


.3071.016 
I (7.810.4) 
.2091.012 | 
(5.3i0.3) 


Detail of "A" part 


.007(0.18) 

MAX 

.027(0.68) 

MAX 


.0181,004 

(0.4510.1) 



085(2. 15)MAX 


©FUJITSU LIMITED1986 F16005S-3C 


Dimensions in 
inches (millimeters) 
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MB87086 


FUJITSU 

■■■■ CMOS SERIAL INPUT Phase-Locked-Loop (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87086 is a serial input PLL frequency 
synthesizer IC fabricated by Advanced CMOS Technology. 

The MB87086 contains inverter for Oscillator, Binary 16-bit 
Programmable Reference Divider, Binary 10-bit Programmable 
Divider, Phase Detector, Charge pump, 16-bit Shift Register, 
10-bit Shift Register, Control Register, 16-bit Latch and 
10-bit Latch. 

The MB87086 can make up PLL synthesizer which works up to 
fin of 130 MHz typ. 

• Single Power Supply Voltage 

• Wide Operation Temperature Range : -30 to 60 °C 

• On-chip Inverter for Oscillator 

• Serial Data Input for programmable reference divider and 
programmable divider is input as serial data 

• 3 Types of Phase Detector Outputs 

On-chip Charge Pump Output for Active LPF 
On-chip Charge Pump Output for Passive LPF 
Output for External Charge Pump 

© 16-pin Standard Dual-in-line Package (Suffix:-p) 

16-pin Standard Flat Package (Suffix:-PF) 

• The divide factor is selected by the following equation 


TS583-A87Z 
December 1987 




PLASTIC PACKAGE 
DIP-1 6P-M04 



PLASTIC PACKAGE 
FPT-16P-M02 


f VC 0 = N X ( OSC + R ) 
f\/C0 : VCO (Voltage Controlled Oscillator) 
output frequency 

N : Preset divide factor of binary 10-bit 
programmable counter (5 to 1023) 

OSC : Reference Frequency 
R : Preset divide factor of binary 16-bit 

programmable reference counter (5 to 65535) 


ABSOLUTE MAXIMUM RATING (See NOTE) (V S s=0V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V DD 

V 55 -O .3 to V 5 S+ 7 .O 

V 

Input Voltage 

V IN 

V$S“0.3 to Vqq+0.3 

V 

Output Voltage 

v 0UT 

V 55 -O .3 to Vqq+0.3 

V 

Output Current 

I OUT 

± 10 

mA 

Operating Ambient 
Temperature 

Ta 

-30 to +80 

H 

Storage Temperature 

t STG 

-40 to +125 

El 

Power Dissipation 

Pd 

300 

mW 


PIN ASSIGNMENT 


OSC, 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are ex.ceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 2-51 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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PIN DESCRIPTION 


Pin No. Symbol 

1 OSCin 

2 OSCout 

3 fv 

4 Vqq 

5 Dop 

6 V SS 

7 LD 

8 fin 

9 Clock 

10 Data 

11 LE 


Description 

Pin for Crystal Oscillator; Input to the inverting amplifier 
that forms part of the oscillator. This pin receives the 
oscillator signal as AC coupling when an external oscillator 
is used, but for large amplitude signals (standard CMOS 
levels) DC coupling may also be used. 

Pin for Crystal Oscillator; Output of the inverting amplifier. 

This pin should be connected to open when an external 
oscillator is used. 

Monitor output of the phase comparator input; as well as 
monitoring the output of the programmable divider 

Power Supply Voltage 

Three-state Charge Pump Output; The mode of Dop is changed by 
the combination of Programmable Reference Divider output frequency 
fr and Programmable Divider output frequency fv as listed below: 

fr > fv : Drive Mode (Dop = High) 
fr = fv : High-Impedance Mode 

fr < fv : Sink Mode (Dop = Low) 

Ground 

Output of Phase Comparator; It is at High level when fr and 
fv are coherent, and then the loop is locked. Otherwise it 
outputs pulse signal . 

Input for Programmable Divider from VCO; This input has a feed 
back resistor. 

Clock signal input for 16-bit Shift Register and 10-bit Shift 
Register; Each rising edge of the clock makes one bit of the 
data shift into the shift registers. 

Serial data input for Shift Registers. 

This data is the divide factor of the divider, which is 
provided from the corresponded shift register. The last bit of 
the data is the control bit which specified destination of 
shift register. The data is transferred to 16-bit Shift Register 
when the bit is at high level, and to 10-bit Shift Register when 
at low level by instruction of LE signal. 

Load Enable Input; When this pin is at high level, the data 
latches from Shift Register is transferred to Programmable 
Reference Divider or Programmable Divider. 
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PIN DESCRIPTIONS (Continued) 


Pin No. Symbol Descriptions 


12 Dqa Three state Charge Pump Output; The mode of Dqa is changed by 

the combination of Programmable Reference Divider output frequency 
fr and Programmable Divider output frequency fv as listed below. 

fr > fv : Sink Mode (Dqa = Low) 
fr = fv : High-Impedance Mode 
fr < fv : Drive Mode (Dqa = High) 

13 fr Monitor output of the phase comparator input; as well as monitoring 
output of Programmable Reference Divider. 


14 NC Non connection. 


15 <t>\j 

16 0R 


Outputs for external charge pump. 





*R 

fr > 

fv 

High-level 

Low-level 

fr = 

fv 

High-level 

High-level 

fr < 

fv 

Low-level 

High-level 
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FUNCTIONAL DESCRIPTIONS 


Serial Data input for Programmable Divider 

Binary serial data is input to Data pin. Each rising edge of clock makes one bit of 
the data shift into the shift registers and control register. Input data consists of 
16-bit or 10-bit data and 1-bit of control bit data. 

16-bit data selects the divide factor of Programmable Reference Divider 
10-bit data selects the divide factor of Programmable Divider 
The last bit of the data is stored in Control Register which specified destination 
of shift register. 

When this bit is at high level, 16-bit Latch is selected. When this is at low level, 
10-bit Latch is selected. 

The data format is shown below. 



When LE is at high level and Control bit is at high level, the data latches from 
16-bit shift register are transferred to 16-bit Programmable Counter. When LE is at 
high level and Control bit is at low level, the data latches from 10-bit shift 
register are transferred to 10-bit Programmable Counter. 



16-bit 
Shift Reg. 


16-bit 

Latch 
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Binary 10-bit Programmable Divider Data Input 




3RH 



ea 

■ 

■ 

■ 

■ 

H 

H 

a 

B 

B 

5 


0 


0 

0 

0 




n 

6 

H 

0 


0 

0 

0 

H 

I 


1 


Note: Divide factor less than 5 is prohibited. 
Divide factor : 5 to 1023 


Binary 16-bit Programmable Reference Divider Data Input 


Divide 

Digit No. 1 

factor 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 


Note: Divide factor less than 5 is prohibited. 
Divide factor : 5 to 65535 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

V DD 

4.5 

5.0 

5.5 

V 

Input Voltage 

VlN 

v ss 


Vdd 

V 

Operating Temperature 

Ta 

-30 


+60 

°C 
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ELECTRICAL CHARACTERISTICS 


(V SS = 0 V, V DD = 5 V, T A = -30 to 60 °C) 


Parameter 

Symbol 

Condition 


Unit 

Min 

Typ 

Max 

High-level Input Voltage 
except fin and OSCin 

VlH 




- 

V 




- 


1.5 

V 



Ampl itude in AC 
coupl ing ,sine wave 

1.0 

— 

- 

Vp-p 

Input Sensitivity (OSCin) 

Vsin 


0.5 

- 

- 

Bill 

High-level Input Current 
except fin and OSCin 

IlH 

V IN =5.0V 

— 

1.0 

— 

pA 

Low-level Input Current 
except fin and OSCin 

IlL 

V IN =0.0V 

- 

-1.0 

— 

pA 

Input Current (fin) 

If IN 

V IN =V SS t0 V DD 

- 

±50 

- 

yA 

Input Current (OSCin) 

IXIN 

V IN =V SS t0 V DD 

- 

±50 

- 

pA 

High-level Output 

Voltage except OSCout 

V 0H 

lQH=0yA 

4.95 

- 

- 

V 

Low-level Output 

Voltage except OSCout 

V 0L 

Iql = 0pA 

- 

- 

0.05 

V 

High-level Output 

Current except OSCout 

I OH 

V 0 H=4.6V 

-1.0 

- 

- 

mA 

Low-level Output 

Current except OSCout 

*0L 

Vql=0.4V 

1.0 

- 

- 

mA 

Power Supply Current 

1 

!00 

V DD =5V 
fin=100 MHz, 

22 MHz X'tal used 
between OSCin and 
OSCout. Inputs are 
at GND except fin. 
Outputs are open. 


8.0 


mA 

Max. Operation Freq. 
of Binary 16-bit Prog. 
Ref. Counter 

^max 

Vqq=5.0V 

95 

130 

— 

MHz 

Max. Operation Freq. 
of Binary 10-bit Prog. 
Counter 

fmax 

Vdd=5-0V 

40 

60 

— 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN LINE PACKAGE 
(CASE No. : DIP-16P-M04) 



.. 77 °*; 00 | (19.55*®;*)- 


.2441.010 

(6.2010.25) 


.300 (7.62) TYP 


. 0101.002 
(0.25i0.05) 1 



,100(2.54) 

TYP 


172(4.36)MAX 


.020(0.51 )MIN 


©FUJITSU LIMITED 1986 D16033S-2C 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M02) 


Dimensions in 
inches (millimeters) 



.0181.004 

(0.4510.1) 


.3071.016 
| (7.810.4) 
.2091.012 | 
(5.3i0.3) 


> OFF) 



L .0201 .008 

r (0.5i0.2) 

I 006 * 002 
• Wb -.001 


Detail of "A" part 


j .020(0.5( 

.007(0.18) 

MAX 

.027(0,68) 

MAX 



085(2. 15)MAX 


.0311.008 

(0.810.2) 


©FUJITSU LIMITED 1986 F160O5S-3C 


Dimensions in 
inches (millimeters) 
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Section 3 



Super PLLs 


3-3 

MB1501 

Serial Input PLL Frequency Synthesizer with 



1 . 1 GHz Prescalers 

3-13 

MB1504 

Serial Input PLL Frequency Synthesizer with 



520MHz Prescalers 


3 
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MB1501 


TS548-C883 
March 1988 


FUJITSU 

aniii 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER WITH 1.1 GHz PRESCALERS 


The Fujitsu MB1501, utilizing BI-CMOS technology, is a single 
chip serial input PLL synthesizer which enables pulse-swallow 
function . 

The MB1501 consists of 1.1 GHz two modulus prescaler which 
has the selection of either 64 divide ratio or 128, control signal 
generator, 16-bit shift register, 15-bit latch, 14-bit 
programmable referecne counter, 1-bit switch counter, phase 
comparator with phase conversion function, charge pump, 
crystal oscillator, 19-bit shift register, 18-bit latch, 
binary 7-bit swallow counter and binary 11-bit programmable 
counter. 

It can function at low voltage, 3V typ, with low power 
consumption 45mW at 1.1GHz. 

• High operating frequency : flNMAX = l*l GHz ( V INMIN~° * 20 Vp-p) 

• Low power supply voltage : 2.7 V to 5.5 V (3.0 V typ) 

• Low power consumption : 45 mW (3.0V , 1.1 GHz operation) 

• Serial input 18-bit programmable divider 

Binary 7-bit swallow counter 
Binary 11-bit programmable counter 

• Serial input 15-bit programmable reference divider 

Binary 14-bit programmable reference counter 
1-bit switch counter (set divide ratio of prescaler) 

• 2 types of phase detector output 

On-chip charge pump (Bipolar type) 

Output for external charge pump 

• Wide operating temperature : -40°C to +85°C 

• 16-pin Plastic DIP Package (Suffix:-P) 

16-pin Plastic mini-flat Package (Suffix:-PF) 

• Pulse Swallow Function 

f VCO = { ( P x N) + A } x fosc * R 
fyCO : VCO (Voltage Controlled Oscillator) Output Frequency 
N : Preset Divide ratio of Binary 11-bit Programmalbe 
Counter (16 to 2047) 

A : Preset Divide ratio of Binary 7-bit Swallow Counter 
(0^127, A<N) 

fQSC : Reference Oscillation Frequency 
R : Preset Divide ratio of Binary 14-bit Programmable 
Reference Counter (8 to 16383) 

P : Preset Divide ratio of Prescaler 
(64 or 128) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

Vp 

Vcc to 10 .0 

V 

Output Voltage 

v 0UT 

-0.5 to Vqq+0.5 

V 

Output Current 

lOUT 

±10 

mA 

Storage Temperature^ 

T STG 

-55 to +125 

°C 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M02 


PIN ASSIGNMENT 


(Top View) 


OSCin [T 


31 *R 

0 sc 0UT X 


33 *P 

Vp [T 


33 

v cc X 


33 fr 

Do X 


31 FC 

GN0 X 


33 LE 

LD X 


33 Data 

^ IN X 


33 Clock 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig.l - MB1501 BLOCK DIAGRAM 









PIN DESCRIPTIONS 


in No . 

Pin name 

Descriptions 

1 

0SC IN 

Oscillator input 

2 

OSCquj 

Oscillator output 

A crystal is placed between OSCjn and OSCqut- 

3 

Vp 

Power supply for charge pump 

4 

V CC 

Power supply voltage 

5 

DO 

Charge pump output 

The characteristics are reversed depending on FC input. 

6 

GND 

Ground 

7 

LD 

Phase comparator output 

Normally, this output level is high level. While the phase of 
fr and fp is exists, the output becomes low level. 

8 

f IN 

Prescaler input 

The connection with VCO should be AC connection. 

9 

Clock. 

Clock input for 19-bit shift register and 16-bit shift register. 

Each rising edge of the clock shifts one bit of data into the 
shift registers. 

10 

Data 

Serial data input 

The last bit of the data is control bit which specified destination 
of shift registers. 

When this bit is high level and LE is high level, data is transferred 
to 15-bit latch. When this bit is low level and LE is high level, 
data is transferred to 18-bit latch. 

11 

LE 

Load enable input (with pull up resistor) 

When LE is high level, data stored in the shift register is 
transferred to latch. 

12 

FC 

Phase select input of phase comparator (with pull resistor) 

When FC is low level, charge pump and phase detector characteristics 
becomes reverse. 

13 

fr 

Monitor pin of phase comparator input 

It is equivalent to reference divider output. 

14 

fp 

Monitor pin of phase comparator input 

It is equivalent to programmable divider output. 

15 

0P 

Outputs for external charge pump 

16 

0R 

The characteristics are reversed according to FC input. 
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FUNCTIONAL DESCRIPTIONS 


SERIAL OATA INPUT 

Serial data input consists of 3 inputs, data input (pin 10), clock, input (pin 9) 
and load enable input (pin 11). 15-bit programmable reference divider and 18-bit 
programmable divider are controlled respectively. 

Serial data is input to Data pin. The data is stored in the shift registers at the 
rising edge of clock. 

When road enable is high level (or open), data stored in shift register is 
transferred to 15-bit latch or 18-bit latch depending on the control bit level. 

Control data "H" Data is transferred into 15-bit latch. 

Control data "L" Data is transferred into 18-bit latch. 


PROGRAMMABLE REFERENCE DIVIDER 

Reference divider consists of 16-bit shift register, 15-bit latch and 14-bit 
reference counter. Serial 16-bit data format is shown below. 



SW : This bit selects divide ratio of Prescaler 
SW = H 64 
SW = L 128 

R1 to R14 : Divide ratio of reference counter (8 to 16383) 
CN : Control bit = H 


PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow 
counter and 11-bit programmable counter. Serial 19-bit data format is shown below. 

LSB MSB 


c 

A 

A 

A 

A 

A 

A 

A 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


Divide ratio of 
<r swallow counter — 
(Binary 7-bit) 


Divide ratio of 

programmable counter > 

(Binary 11-bit) 


N1 to Nil : Divide ratio of programmable counter (16 to 2047) 
A1 to A7 : Divide ratio of swallow counter (0 to 127) 

CN : Control bit = L 
Data is input from MSB data. 
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FUNCTIONAL DESCRIPTIONS (Continued) 
SERIAL DATA INPUT TIMING 



■ 

mm 

mSSKHKm 

( y LSB(CN) 

Clock if” 

i 

n ri 

L . . . j 


1 i 

fi 


LE 





n 

ti-* 

( t, - 

ts 

<- t 2 -> 

£ 1 fi s) 


t 3 -*: 

t 4 -> 

t 5 -> : *«- 


At the rising edge of clock one bit of data is shifted into the shift registers. 


PHASE CHARACTERISTICS 


FC pin (pin 12) is provided to change phase of phase comparator. 
Characteristics of internal charge pump output (Dg), Phase detector outputs 
($R, 0 P) are reversed depending on FC input data. 

Outputs are shown below. 




FC = 

H (or 

open) 

FC = L 



DO 

0 R 

0P 

DO 

0R 

*P 

fr > 

fp 

H 

L 

L 

L 

H 

Z 

fr < 

fp 

L 

H 

Z 

H 

(■ 

L 

fr = 

fp 

l 

L 

Z 

Z 

L 

Z 


Note: Z (High Impedance) 


When synthesizer system is designed, FC pin is set according to VCO characteristics. 



VCO characteristics is 1, 
FC is set High or open. 

VCO characteristics is 2, 
FC is set Low. 



3 - 7 






RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power supply voltate 

V CC 

2.7 

3.0 

5.5 

V 

Vp 

V CC 


8.0 

V 

Input voltage 

VlN 

GND 


V CC 

V 

Operating Temperature 

1 

Ta 

-40 


+85 

°C 


ELECTRICAL CHARACTERISTICS 


(V CC =2.7 to 5.5 V, T A = -40 to +85 °C) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power supply current *1 

Icc 


15 


mA 

Operating frequency (f^) 

f IN 

10 *2 


1100 

MHz 

Operating frequency (OSCjn) 

f 0SC 


12 

20 

MHz 

*3 

Input sensitivity ( f in) 

VfINl 

0.2 


1.2 

Vp-p 

v fIN2 

0.4 


1.2 

Vp-p 

Input sensitivity (OSCj^) 

Vosc 

0.5 



Vp-p 

High-level input voltage 
except fjN and OSCjn 

VlH 

VccxO.7 



n 

Low-level input voltage 
except fjN and OSCjn 

VlL 



VccxO.3 

V 

High-level input current 
(Data, CLK) 

IlH 


1.0 


V*A 

Low-level input current 
(Data, CLK) 

IlL 


-1.0 


pA 

Input current (OSC^) 

!0SC 


±50 


pA 

Input current (LE/FC) 

Ui 

^__J 


-60 


pA 

High-level output voltage 
except OSCguT 

V 0H 

2.4 



V 

Low-level output voltage 
except OSCgyj 

v OL 



0.4 

V 

High-level output current 

lOH 

-1.0 



mA 

Low-level output current 

*OL 

1.0 



mA 


*1 f ijs| = 1.1GHz, 12MHz X‘tal used between OSCjn and 0 SCquT» ^cc=3V. 

Inputs are at GNO excpet fjN and outputs are open. 

*2 Input coupling capacitance = 1000 pF 
*3 VfINl : VCC = 2.7 to 4.0 V 
VfiN2 : Vcc = 4.0 to 5.5 V 
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INPUT SIGNAL SENSITIVITY V IM (Vp-p) P0WER supp| _ Y CURRENT I(;c (mA) 


TEST CIRCUIT 



TYPICAL CHARACTERISTICS CURVES 

POWER SUPPLY CURRENT VS. POWER SUPPLY VOLTAGE 



POWER SUPPLY VOLTAGE V C c (V) 


INPUT SIGNAL SENSITIVITY VS. INPUT FREQUENCY 


Vcc=3. 0 V 
Ta=25 r 



1 



— 
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H 

!■ 

■ 




V 





■i 

Bm 










■n 





' 






Mi 



: 



j 





1 

i 



1 2 5 10 100 1000 10000 

INPUT FREQUENCY f IN (MHz) 
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TYPICAL APPLICATION EXAMPLE 



Vp, Vpx : 8 V max. 

Ci, C 2 : Depends on crystal oscillator 
LE, FC : With pull up resistor 
0P : Open drain output 
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16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M02) 



©FUJITSU LIMITED 1986 F16005S-3C 


Dimensions in 
inches (millimeters) 
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MB1504 


TS549-D87Y 
November 1987 


FUJITSU 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER WITH 520MHz PRESCALERS 


The Fujitsu MB1504, utilizing BI-CMOS technology, is a single 
chip serial input PLL synthesizer which enables pulse-swallow 
function. 

The MB1504 consists of 520 MHz two modulus prescaler which 
has the selection of either 32 divide ratio or 64, control signal 
generator, 16-bit shift register, 15-bit latch, 14-bit 
programmable referecne counter, 1-bit switch counter, phase 
comparator with phase conversion function, charge pump, 
crystal oscillator, 19-bit shift register, 18-bit latch, 
binary 7-bit swallow counter and binary 11-bit programmable 
counter. 

It can function at low voltage, 3 V typ, with low power 
consumption 30mW at 520MHz. 

• High operating frequency : f INMAX = 52 ° m Hz ( VlNMIN = 0 • 20Vp-p) 

• Low power supply voltage : 2.7V to 5.5V (3.0V typ) 

• Low power consumption : 30mW (3.0V, 520MHz operation) 

• Serial input 18-bit programmable divider 

Binary 7-bit swallow counter 
Binary 11-bit programmable counter 

• Serial input 15-bit programmable reference divider 

Binary 14-bit programmable reference counter 
1-bit switch counter (set divide ratio of prescaler) 

• 2 types of phase detector output 

On-chip charge pump (Bipolar type) 

Output for external charge pump 

• Wide operating temperature : -40°C to +85°C 

• 16-pin Plastic DIP Package (Suffix:-P) 

16-pin Plastic mini-flat Package (Suffix:-PF) 

• Pulse Swallow Function 

f VC0 = { ( P x N) + A } x fosc * R 

fVCO • VCO (Voltage Controlled Oscillator) Output Frequency 
N : Preset Divide ratio of Binary 11-bit Programmalbe 
Counter (16 to 2047) 

A *. Preset Divide ratio of Binary 7-bit Swallow Counter 
(0<A<127, A<N) 

fOSC * R e f erence Oscillation Frequency 
R : Preset Divide ratio of Binary 14-bit Programmable 
Reference Counter (8 to 16383) 

P : Preset Divide ratio of Prescaler 
(32 or 64) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 


v cc 

-0.5 to +7.0 

V 

Power Supply Voltage 

Vp 

Vqq to 10.0 

V 

Output Voltage 

Vqut 

-0.5 to Vcq+0.5 

V 

Output Current 

JOUT 

±10 

mA 

Storage Temperature 

T STG 

-55 to +125 

°C 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that - normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig.l - MB1504 BLOCK DIAGRAM 


16-bit Shift Register ■ 
16-bit Shift Register! | 



15-bit Latch i 
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PIN DESCRIPTIONS 


in No. 

Pin name 

Descriptions 

1 

OSCj^j 

Oscillator input 

2 

OSCqut 

Oscillator output 

A crystal is placed between OSCjn and OSCquj. 

3 

Vp 

Power supply for charge pump 

4 

V CC 

Power supply voltage 

5 

DO 

Charge pump output 

The characteristics are reversed depending on FC input. 

6 

GND 

Ground 

7 

LD 

Phase comparator output 

Normally, this output level is high level. While the phase of 
fr and fp is exists, the output becomes low level. 

8 

'IN 

Prescaler input 

The connection with VCO should be AC connection. 

9 

Clock 

Clock input for 19-bit shift register and 16-bit shift register. 

Each rising edge of the clock shifts one bit of data into the 
shift registers. 

10 

Data 

Serial data input 

The last bit of the data is control bit which specified destination 
of shift registers. 

When this bit is high level and LE is high level, data is transferred 
to 15-bit latch. When this bit is low level and LE is high level, 
data is transferred to 18-bit latch. 

11 

LE 

Load enable input (with pull up resistor) 

When LE is high level, data stored in the shift register is 
transferred to latch. 

12 

FC 

Phase select input of phase comparator (with pull resistor) 

When FC is low level, charge pump and phase detector characteristics 
becomes reverse. 

13 

fr 

Monitor pin of phase comparator input 

It is equivalent to reference divider output. 

14 

fp 

Monitor pin of phase comparator input 

It is equivalent to programmable divider output. 

15 

0P 

Outputs for external charge pump 

16 


The characteristics are reversed according to FC input. 
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FUNCTIONAL DESCRIPTIONS 


SERIAL DATA INPUT 

Serial data input consists of 3 inputs, data input (pin 10), clock input (pin 9) 
and load enable input (pin 11). 15-bit programmable reference divider and 18-bit 
programmable divider are controlled respectively. 

Serial data is input to Data pin. The data is stored in the shift registers at the 
rising edge of clock. 

When road enable is high level (or open), data stored in shift register is 
transferred to 15-bit latch or 18-bit latch depending on the control bit level. 

Control data "H" Data is transferred into 15-bit latch. 

Control data "L" Data is transferred into 18-bit latch. 


PROGRAMMABLE REFERENCE DIVIDER 

Reference divider consists of 16-bit shift regi ster, . 15-bit latch and 14-bit 
reference counter. Serial 16-bit data format is shown below. 

LSB MSB 


c 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R • 

S 

N 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

.11 

12 

13 

14 

w 


h Divide ratio of reference counter J 

(Binary 14-bit) \ 

SW : This bit selects divide ratio of Prescaler 
SW = H 32 

SW = L 64 


R1 to R14 : Divide ratio of reference counter (8 to 16383) 
CN : Control bit = H 


PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow 
counter and 11-bit programmable counter. Serial 19-bit data format is shown below. 



N1 to Nil : Divide ratio of programmable counter (16 to 2047) 
A1 to A7 : Divide ratio of swallow counter (0 to 127) 

CN : Control bit = L 
Data is input from MSB data. 
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FUNCTIONAL DESCRIPTIONS (Continued) 
SERIAL DATA INPUT TIMING 


Data 

MSB j 


Clock 

ri 

i 

i 

L «=$ — j j 

i 

i 

LE 





tr* 

k* tz ^ 

^ — 


( ti ~ t 5 5 1 fJ s) 


LSB(CN) 


fi 

, . j 

ri 

» 




r 

-| 


*- u-> 

t 5 -> : '<r- 


At the rising edge of clock, one bit of data is shifted into the shift registers. 


PHASE CHARACTERISTICS 


FC pin (pin 12) is provided to change phase of phase comparator. 
Characteristics of internal charge pump output (Do), Phase detector outputs 
($R, 0P) are reversed depending on FC input data. 

Outputs are shown below. 



FC = H (or open) 

_j 

ii 

o 

u. 

DO 

<*>R 


DO 

0 R 

tp 

fr > fp 

H 

L 

L 

L 

H 

1 

fr < fp 

L 

H 

Z 

H 

L 

L 

fr = fp 

Z 

L 

Z 

Z 

L 

Z 


Note: Z (High Impedance) 


When designing the synthesizer system, FC pin is set according to VCO characteristics. 


3 


VCO characteristics is 1, 
FC is set High or open. 

VCO characteristics is 2, 
FC is set Low. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power supply voltate 

V CC 

2.7 

3.0 

5.5 

V 

Vp 

V CC 


8.0 

V 

Input voltage 

VlN 

GND 


V CC 

V 

Operating Temperature 

Ta 

-40 


+85 

°C 


ELECTRICAL CHARACTERISTICS 

(V CC =2.7 to 5.5 V, T A = -40 to +85 °C) 


Parameter 







Power supply current *1 



10 


mA 

Operating frequency (fj|s|) 

f IN 

10 *2 


520 

MHz 

Operating frequency (OSCjn) 

f OSC 


12 

20 

MHz 

*3 

Input sensitivity (fjN) 

VfINl 

0.2 


1.2 

Vp-p 

v fIN2 

0.4 


1.2 

Vp-p 

Input sensitivity (OSCjn) 

v 0SC 

0.5 



Vp-p 

High-level input voltage 
except fiN and OSCjn 

VlH 




B 

Low-level input voltage 
except fiN and OSCin 

VlL 



VccxO.3 

B 

High-level input current 
(Data, CLK) 

IlH 


1.0 


pA 

Low-level input current 
(Data, CLK) 

IlL 




v A 

Input current (OSCjn) 

! 0SC 


±50 


pA 

Input current (LE/FC) 

ILE 


-60 


pA 

High-level output voltage 
except OSCguT 

v OH 

b 



B 

Low-level output voltage 
except OSCqut 

V 0L 




B 

High-level output current 





mA 

Low-level output current 

l Ol 

1.0 



mA 


*1 f in = 520MHz, 12MHz X'tal used between 0SC JN and OSCqut* V C c=3V. 

Inputs are at GND excpet f jn and outputs are open. 

*2 Input coupling capacitance = 1000 pF 
*3 VfXNl : Vcc = 2.7 to 4.0 V 
VfIN2 : ^CC = 4.0 To 5.5 V 
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INPUT SIGNAL SENSITIVITY V If j (Vp-p) 


TEST CIRCUIT 



TYPICAL CHARACTERISTICS CURVES 

POWER SUPPLY CURRENT VS. POWER SUPPLY VOLTAGE 



2 3 4 5 


POWER SUPPLY VOLTAGE V CC (V) 


INPUT SIGNAL SENSITIVITY VS. INPUT FREQUENCY 



1 2 5 10 100 1C 

INPUT FREQUENCY f IN (MHz) 


3 - 



[tltlilt] 




TYPICAL APPLICATION EXAMPLE 



Vp, Vpx : 8 V max. 

Ci, C 2 : Depends on crystal oscillator 
LE, FC : With pull up resistor 
$P : Open drain output 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No. : DIP-16P-M04) 


.2441.010 

(6.20i0.25| 



.0101.002 , 
(0.2510.05) 1 



.0181.003 

(0.4610.08) 



) FUJITSU LIMITED 1986 D16033S-2C 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M02) 




.3071.016 
I (7.8i0.4) 
.2091.012 I 
(5.3t0.3) 


■ooS.Zt 

-(0.1*° Lj 



Detail of "A" part 


.007(0.18) 

MAX 

.027(0.68) 

MAX 


©FUJITSU LIMITED 1986 F16005S-3C 


Dimensions in 
inches (millimeters) 








© Fujitsu Microelectronics, Inc., 1988 


Printed in USA OV0156-885F1 




